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Summary
Background and objectives of ICP IM
Integrated monitoring of ecosystems means physical, chemical and biological 
measurements over time of different ecosystem compartments simultaneously at 
the same location. In practice, monitoring is divided into a number of compartmental 
subprogrammes which are linked by the use of the same parameters (cross-media 
ﬂ ux approach) and/or same or close stations (cause-effect approach).
The International Cooperative Programme on Integrated Monitoring of Air 
Pollution Effects on Ecosystems (ICP IM) is part of the Effects Monitoring Strategy 
under the Convention on Long-range Transboundary Air Pollution (LRTAP). The 
main objectives of the ICP IM are:
• To monitor the biological, chemical and physical state of ecosystems 
(catchments/plots) over time in order to provide an explanation of changes 
in terms of causative environmental factors, including natural changes, air 
pollution and climate change, with the aim to provide a scientiﬁ c basis for 
emission control.
• To develop and validate models for the simulation of ecosystem responses and 
use them (a) to estimate responses to actual or predicted changes in pollution 
stress, and (b) in concert with survey data to make regional assessments.
• To carry out biomonitoring to detect natural changes, in particular to assess 
effects of air pollutants and climate change.
The full implementation of the ICP IM will allow ecological effects of heavy metals, 
persistent organic substances and tropospheric ozone to be determined. A primary 
concern is the provision of scientiﬁ c and statistically reliable data that can be used 
in modelling and decision making.
The ICP IM sites (mostly forested catchments) are located in undisturbed 
areas, such as natural parks or comparable areas. The ICP IM network presently 
covers about 50 sites from nineteen countries. The international Programme Centre 
is located at the Finnish Environment Institute in Helsinki. The present status of 
the monitoring activities is described in detail in Section 1 of this report.
A manual detailing the protocols for monitoring each of the necessary physical, 
chemical and biological parameters is applied throughout the programme (Manual 
for Integrated Monitoring 1998).
Recent assessment activities within the ICP IM
Assessment of data collected in the ICP IM framework is carried out at both 
national and international levels. Key recent tasks regarding international ICP IM 
data have been:
Input-output and proton budgets
Trend analysis of bulk and throughfall deposition and runoff water 
chemistry
Assessment of biological data using multivariate gradient analysis
•
•
•
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Dynamic modelling and assessment of the effects of different emission 
/ deposition scenarios, including confounding effects of climate change 
processes 
Assessment of concentrations, pools and ﬂ uxes of heavy metals
Empirical thresholds for N deposition (soil C/N ratios, input-output 
budgets)
Compilation of available information on cause-effect relationships of forest 
ecosystems
Conclusions from recent international studies
Input-output and proton budgets
Ion mass budgets have proved to be useful for evaluating the importance of various 
biogeochemical processes that regulate the buffering properties in ecosystems. 
Long-term monitoring of mass balances and ion ratios in catchments/plots can 
also serve as an early warning system to identify the ecological effects of different 
anthropogenically derived pollutants, and to verify the effects of emission 
reductions.
The ﬁ rst results of input-output and proton budget calculations were 
presented in the 4th Annual Synoptic Report (ICP IM Programme Centre 1995) 
and the updated results regarding the effects of N deposition were presented in 
Forsius et al. (1996). Data from selected ICP IM sites have also been included in 
European studies for evaluating soil organic horizon C/N-ratio as an indicator of 
nitrate leaching (Dise et al. 1998, MacDonald et al. 2002). Soil water ﬂ uxes for budget 
calculations have been estimated using a water balance model (Starr 1999). New 
results regarding the calculation of ﬂ uxes and trends of S and N compounds have 
been presented in a scientiﬁ c paper prepared for the Acid Rain Conference, Japan, 
December 2000 (Forsius et al. 2001). A scientiﬁ c paper regarding calculations of 
proton budgets has recently been published (Forsius et al. 2005).
The budget calculations showed that there was a large difference between 
the sites regarding the relative importance of the various processes involved in 
the transfer of acidity. These differences reﬂ ected both the gradients in deposition 
inputs and the differences in site characteristics. The proton budget calculations 
showed a clear relationship between the net acidifying effect of nitrogen processes 
and the amount of N deposition. When the deposition increases also N processes 
become increasingly important as net sources of acidity.
A critical deposition threshold of about 8-10 kg N ha-1 a-1, indicated by several 
previous assessments, was conﬁ rmed by the input-output calculations with the 
ICP IM data (Forsius et al. 2001). The output ﬂ ux of nitrogen was strongly correlated 
with key ecosystem variables like N deposition, N concentration in organic matter 
and current year needles, and N ﬂ ux in litterfall (Forsius et al. 1996). Soil organic 
horizon C/N-ratio seems to give a reasonable estimate of the annual export ﬂ ux of 
N for European forested sites receiving throughfall deposition of N up to about 
30 kg N ha-1 a-1. When stratifying data based on C/N ratios less than or equal to 
25 and greater than 25, highly signiﬁ cant relationships were observed between N 
input and nitrate leached (Dise et al. 1998, MacDonald et al. 2002). Such statistical 
relationships from intensively studied sites can be efﬁ ciently used in conjugation 
with regional monitoring data (e.g. ICP Forests and ICP Waters data) in order to 
link process level data with regional-scale questions.
Sulphur budgets calculations indicated a net release of S from many ICP 
IM sites, indicating that the soils are releasing previously accumulated S. Similar 
results have been obtained in other recent European plot and catchment studies. 
•
•
•
•
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The reduction in deposition of S and N compounds at the ICP IM sites, caused 
by the new ‘Protocol to Abate Acidiﬁ cation, Eutrophication and Ground-level 
Ozone’ of the LRTAP Convention (‘Gothenburg protocol’), was estimated for the 
year 2010 using transfer matrices and ofﬁ cial emissions. Implementation of the 
new protocol will further decrease the deposition of S and N at the ICP IM sites in 
western and north western parts of Europe, but in more eastern parts the decrease 
will be smaller (Forsius et al. 2001).
Results from the ICP IM sites have also been summarised in a recent assessment 
report prepared by the Working Group on Effects of the LRTAP Convention 
(Sliggers and Kakebeeke 2004, Working Group on Effects 2004).
Trend analysis
Empirical evidence on the development of environmental effects is of central 
importance for the assessment of success of international emission reduction policy. 
First results from a trend analysis of monthly ICP IM data on bulk and throughfall 
deposition as well as runoff water chemistry were presented in Vuorenmaa (1997). 
ICP IM data on water chemistry have also been used for a trend analysis carried 
out by the ICP Waters and presented in the Nine Year Report of that programme 
(Lükewille et al. 1997).
Calculations on the trends of N and S compounds, base cations and hydrogen 
ions have been made for 22 ICP IM sites with available data across Europe (Forsius 
et al. 2001). The site-speciﬁ c trends were calculated for deposition and runoff water 
ﬂ uxes using monthly data and non-parametric methods.
Statistically signiﬁ cant downward trends of SO4, NO3 and NH4 bulk 
deposition (ﬂ uxes or concentrations) were observed at 50% of the ICP IM sites. 
Sites with higher N deposition and lower C/N-ratios clearly showed higher N 
output ﬂ uxes, and the results were consistent with previous observations from 
European forested ecosystems. Decreasing SO4 and base cation trends in runoff 
waters were commonly observed at the ICP IM sites. At some sites in the Nordic 
countries decreasing NO3 and H
+ trends (increasing pH) were also observed. The 
results partly conﬁ rm the effective implementation of emission reduction policy 
in Europe. However, clear responses were not observed at all sites, showing that 
recovery at many sensitive sites can be slow and that the response at individual 
sites may vary greatly.
Data from ICP IM sites have also been used in a study of the long-term changes 
and recovery at nine calibrated catchments in Norway, Sweden and Finland 
(Moldan et al. 2001, RECOVER:2010 project). Runoff responses to the decreasing 
deposition trends were rapid and clear at the nine catchments. Trends at all 
catchments showed the same general picture as from small lakes in Scandinavia.
It was agreed at the ICP IM Task Force meeting in 2004 that a new trend 
analysis should be carried out. The ﬁ rst preliminary results from this exercise are 
presented in Section 3 of this report.
Assessment of biological data using multivariate gradient analysis
The effect of pollutant deposition on natural vegetation, including both trees and 
understorey vegetation, is one of the central concerns in the impact assessment 
and prediction. The ﬁ rst assessment of vegetation monitoring data at ICP IM sites 
with regards to N and S deposition was carried out by Liu (1996). Vegetation 
monitoring was found useful in reﬂ ecting the effects of atmospheric deposition 
and soil water chemistry, especially regarding sulphur and nitrogen. The results 
suggested that plants respond to N deposition more directly than to S deposition 
with respect to vegetation indices.
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De Zwart (1998) carried out an exploratory multivariate statistical gradient 
analysis of possible causes underlying the aspect of forest damage at ICP IM sites. 
These results suggested that coniferous defoliation, discolouration and lifespan of 
needles in the diverse phenomena of forest damage are for respectively 18%, 42% 
and 55% explained by the combined action of ozone and acidifying sulphur and 
nitrogen compounds in air.
From the previous ordination exercises it was concluded that the applied 
statistical techniques are capable of revealing underlying structure and possible 
cause-effect relationships in complex ecological data, provided that analysed 
gradients have an adequate range to be interpolated. Since the data obtained 
were unexpectedly poor in the span of environmental gradients, the results of the 
presented statistical ordination only indicated correlative cause-effect relationships 
with a limited validity. The poor span of gradients could be attributed to the relative 
scarcity of biological effect data and the occurrence of missing observations both 
in the chemical and biological data sets. It was concluded, that the power of the 
vegetation monitoring in impact assessment would increase considerably with 
improvements in the ICP IM data reporting and inclusion of additional sites.
As a separate exercise, the epiphytic lichen ﬂ ora of 25 European ICP IM 
monitoring sites, all situated in areas remote from local air pollution sources, 
was statistically related to measured levels of SO2 in air, NH4
+, NO3
– and SO4
2– in 
precipitation, annual bulk precipitation, and annual average temperature (van 
Herk et al. 2003, de Zwart et al. 2003). It was concluded that long distance transport 
of nitrogen air pollution is important in determining the occurrence of acidophytic 
lichen species, and constitutes a threat to natural populations that is strongly 
underestimated so far.
Dynamic modelling and assessment of the effects of emission/deposition 
scenarios
In a policy-oriented framework, dynamic models are needed to explore the 
temporal aspect of ecosystem protection and recovery. The critical load concept, 
used for deﬁ ning the environmental protection levels, does not reveal the time 
scales of recovery. Dynamic models have been developed and used for the emission/
deposition scenario assessment at selected ICP IM sites (e.g. Forsius et al. 1997, 
1998a 1998b, Posch et al. 1997, Jenkins et al. 2003). These models are ﬂ exible and can 
be adjusted for the assessment of alternative scenarios of policy importance. 
These modelling studies have shown, that the recovery of soil and water 
quality of the ecosystems is determined by both the amount and the time of 
implementation of emission reductions. According to the models, the timing of 
emission reductions determines the state of recovery over a short time scale (up to 
30 years). The quicker the target level of reductions is achieved, the more rapidly 
the surface water and soil status recover. For the long-term response (> 30 years), 
the magnitude of emission reductions is more important than the timing of the 
reduction. The model simulations also indicate that N emission controls are very 
important to enable the maximum recovery in response to S emission reductions. 
Increased nitrogen leaching has the potential to not only offset the recovery 
predicted in response to S emission reductions but further to promote substantial 
deterioration in pH status of freshwaters and other N pollution problems in some 
areas of Europe.
At the 17th session of the Executive Body of the Convention in December 
1999 the importance of the monitoring and dynamic modelling of recovery 
was underlined. ICP IM participates in a joint coordinated exercise on dynamic 
modelling together with other ICPs. UK is leading this modelling work in ICP IM. 
The work has strong links to projects ﬁ nanced by the Nordic Council of Ministers 
and the EU. Priority in the ICP IM work is given to site-speciﬁ c modelling. The 
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role of ICP IM in this activity is to provide detailed and consistent physical and 
chemical data and long time-series of observation for key sites against which 
model performance can be assessed and key uncertainties identiﬁ ed (see Jenkins 
et al. 2003). 
Work is also on-going to predict potential climate change impacts on air 
pollution related processes at these sites. The large EU-project EURO-LIMPACS 
(www.eurolimpacs.ucl.ac.uk, 2004-2009) is studying the global change impacts 
on freshwater ecosystems. The institutes involved in the project are using data 
collected at ICP IM and ICP Waters sites as key datasets for the modeling, time-
series and experimental work of the project. A ﬁ rst modeling assessment on 
the global change impacts on acidiﬁ cation recovery has been carried out in the 
project (Wright et al. 2005). The results showed that climate/global change induced 
changes may clearly have a large impact on future acidiﬁ cation recovery patterns, 
and need to be addressed if reliable future predictions are wanted (decadal time 
scale). However, the relative signiﬁ cance of the different scenarios was to a large 
extent determined by site-speciﬁ c characteristics. For example, changes in sea-salt 
deposition were only important at coastal sites and changes in decomposition of 
organic matter at sites which are already nitrogen saturated.
Pools and ﬂ uxes of heavy metals
The work to assess concentrations, stores and ﬂ uxes of heavy metals at ICP IM 
is led by Sweden. Preliminary results on concentrations, ﬂ uxes and catchment 
retention have been reported to the Working Group on Effects (document EB.AIR/
WG.1/2001/10). Considerable retention of Cd, Cu, Ni, Pb and Zn (80-95 % of 
total input) was observed at some sites with available detailed information. A 
scientiﬁ c paper on the results is in preparation and a progress report is presented 
in Section 2 of this report. In many national studies on ICP IM sites, detailed site-
speciﬁ c budget calculations of heavy metals (including mercury) have improved 
the scientiﬁ c understanding of ecosystem processes, retention times and critical 
thresholds. ICP IM sites are also used for dynamic model development of these 
compounds.
Compilation of available information on cause-effect relationships of 
forest ecosystems
A report summarising available information from the ICP Forests and ICP IM 
programmes on cause-effect relationships of forest ecosystems has been prepared 
(de Vries et al. 2002). The results were also ofﬁ cially reported to the Working Group 
on Effects in 2002 (EB.AIR/WG.1/2002/15).
Future work
Maintenance and development of a central ICP IM database at the Programme 
Centre.
Continued assessment of the long-term effects of air pollutants to support the 
implementation of emission reduction protocols, including:
 • Assessment of trends.
 • Calculation of ecosystem budgets and empirical deposition thresholds.
 • Dynamic modelling and scenario assessment.
Calculation of pools and ﬂ uxes of heavy metals at selected sites.
Assessment of cause-effect relationships for biological data, particularly 
vegetation.
•
•
•
•
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Coordination of work and cooperation with other ICPs, particularly regarding 
dynamic modelling (all ICPs), cause-effect relationships in terrestrial systems 
(ICP Forests, ICP Vegetation), and surface waters (ICP Waters).
Cooperation with external organisations and programmes, particularly Global 
Terrestrial Observing System (GTOS) and International Long Term Ecological 
Research Network (ILTER).
Participation in projects with a global change perspective. Data from sites in 
the ICP IM network are currently used in the EU-projects ‘Integrated project 
to evaluate impacts of global change on European freshwater ecosystems 
(EURO-LIMPACS)’, and ‘A long-term Biodiversity, Ecosystem and Awareness 
Research Network (ALTER-Net)’.
Initiation of new assessment activities regarding global change impacts (e.g. 
Parr et al. 2002).
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ICP IM activities, monitoring 
sites and available data
1.1 Review of the ICP IM activities in 2003-2004 
Meetings
Maria Holmberg from SYKE represented the ICP IM programme at the 20th
Task Force meeting of the ICP Modelling and Mapping programme 27-28 May 
2004 in Vienna, Austria. She also attended the 14th CCE Workshop organised 
prior to the meeting 25-26 May.
Lars Lundin represented the ICP IM programme at the 20th ICP Forests Task 
Force meeting in Växjö, Sweden 23-26 May 2004. The chairman presented 
activities within the ICP IM programme.
Programme Centre (Martin Forsius) participated in the Steering Group 
meeting of the EU/ EURO-LIMPACS project in Essen, Germany 30 June – 1 
July 2004. He has also taken part in several technical meetings of the project.
ICP IM was represented (Lage Bringmark) at the 7th International Conference 
on Mercury as a Global Pollutant (ICMGP) in Ljubljana, Slovenia, June 27 – 
July 2, 2004. A poster presentation was made.
Lars Lundin and Martin Forsius participated in the Extended Bureau of 
Working Group on Effects (WGE) meeting on August 31, 2004 in Geneva. 
Main task was to prepare for the following WGE meeting in September 1-3, 
2004. In the WGE meeting the ICP IM programme activities were presented 
as well as special work on Proton budgets and acidiﬁ cation, nitrogen studies 
in ICP IM sites, heavy metal pools and ﬂ uxes and the introduction to the 
POPs theme.
Martin Forsius represented the ICP IM programme at the 20th Task Force 
meeting of the ICP Waters programme 18-20 October 2004 in Falun, 
Sweden. 
Programme Centre (Martin Forsius) participated in the Joint Expert Group on 
Dynamic Modelling meeting in Sitges, Spain, 28-29 October, 2004. 
ICP IM (Martin Forsius and Lars Lundin) was represented in the WGE 
Extended Bureau meeting in Geneva on November 30, 2004 when the 
Long-term strategy of the WGE was discussed. The following day, the 25th
anniversary of the LRTAP Convention was celebrated with a full day of 
presentations.
Programme Centre (Martin Forsius) participated in the meeting of the EU/ 
CNTER project 28-30 January.
Lars Lundin represented ICP IM in the Extended Bureau meeting of the 
Working Group on Effects 23-25 February 2005 and the joint EMEP and WGE 
meeting 24 February, in Geneva.
ICP IM was represented by Maria Holmberg (SYKE) at the Programme Task 
Force of ICP Modelling and Mapping of Critical Levels and Loads and Air 
Pollution Effects, Risks and Trends, in Dessau 28-29 April 2005. 
The thirteenth meeting of the Programme Task Force on ICP Integrated 
Monitoring was organised in Reykjavik, Iceland, 13 May, 2005. A one-day 
workshop on the assessment of ICP IM data was held prior to the Task Force 
meeting on 12 May.
•
•
•
•
•
•
•
•
•
•
•
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Projects, data issues
Data from both ICP IM and the EU/ICP Forests Intensive Monitoring 
Programme were used in the EU-project CNTER (Carbon and nitrogen 
interactions in forest ecosystems, www.ﬂ ec.kvl.dk/cnter). The work started 
in May 2001 and the ﬁ nal reporting is carried out during 2005. The project is 
of strategic importance because it allows the use of ICP IM data in relation 
to global change issues (C-sequestration). Project results are presented in the 
ICP Forests Executive Report 2005.
Data from sites in the ICP IM network are also used in the EU-projects 
‘Integrated project to evaluate impacts of global change on European 
freshwater ecosystems (EURO-LIMPACS, www.eurolimpacs.ucl.ac.uk)’, 
and ‘A long-term biodiversity, ecosystem and awareness research network 
(ALTER-Net, www.alter- net.info)’.
After December 1st 2004 the National Focal Points (NFPs) reported their 
003 results to the IM Programme Centre. The Programme Centre carried 
out standard check up of the results and incorporated them into the IM 
database.
Laboratories participating in the ICP IM Programme took part in the 
intercomparison test 0418 organised by ICP Waters and an intercalibration 
organised by EMEP.
Scientiﬁ c work in priority topics
Scientiﬁ c work regarding four priority topics has continued:
Calculation of pools and ﬂ uxes of heavy metals and relations to critical limits 
and risk assessment (led by Sweden). A scientiﬁ c paper will be ﬁ nalised in 
2005 (see also Section 2 of this report).
Dynamic modelling (led by CEH in UK in cooperation with the Programme 
Centre and NIVA, Norway). This work has strong links to projects ﬁ nanced 
by the Nordic Council of Ministers and the EU. ICP IM participates in a joint 
coordinated exercise on dynamic modelling together with other ICPs (Joint 
Expert Group on Dynamic Modelling, JEG DM). Priority in the ICP IM work 
is given to site-speciﬁ c modelling activities. A scientiﬁ c paper based on the 
ﬁ rst results from site-speciﬁ c dynamic modelling on climate change impacts 
on acidiﬁ cation recovery (with ICP Waters) will be ﬁ nalised in 2005 (based on 
EURO-LIMPACS results). An ofﬁ cial document on these results will also be 
presented to the WGE in 2005.
Assessment of cause-effects relationships for biological data, particularly 
vegetation was earlier led by The Netherlands. The new contact with ICP 
Forests Intensive Monitoring appointed by ICP IM Task Force in 2004 is the 
NFP of Italy in collaboration with the NFP of Austria. 
Calculation of ﬂ uxes and trends of S and N compounds, base cations and 
acidity (led by the Programme Centre). Priority is given to calculation of proton 
budgets, N leaching and C/N interactions. This work has strong links to the 
CNTER project ﬁ nanced by the EU. Scientiﬁ c papers from the CNTER project, 
integrating the main results of the project, are currently being prepared. A 
scientiﬁ c paper on proton budgets was published in 2005. Preliminary results 
from the trend analyses on observed concentrations/ﬂ uxes were presented at 
the Task Force meeting 2005 (see Section 3 of this report).
Reports
ICP IM will produce the following reports to the meeting of Working Group on 
Effects, September 2005.
14th ICP IM Annual Report 2005
Contribution to Joint Report of the ICPs
•
•
•
•
•
•
•
•
•
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Ofﬁ cial WGE-document on ﬁ rst results from site-speciﬁ c dynamic modelling 
on climate change impacts on acidiﬁ cation recovery (with ICP Waters) 
1.2 Activities and tasks planned for 2005-2006
Activities/tasks related to the programme’s present objectives
Maintenance and development of central ICP IM database at the Programme 
Centre.
Finalisation of scientiﬁ c paper on heavy metals (2005).
Participation in the preparation of ﬁ nal scientiﬁ c papers on N effects and C/N 
interactions in forested ecosystems (EU/CNTER-project) (2005).
Preparation of report/paper on observed trends in S and N concentrations/
ﬂ uxes on ICP IM sites (2006).
Arrangement of ICP IM workshop and 14th Task Force meeting (2006).
Preparation of the 15th ICP IM annual report (2006).
Activities related to the programme’s present objectives to be carried out 
in close collaboration with other ICPs/ Task Force 
Participation in dynamic modelling work coordinated by the JEG DM, 
progress report (2005-2006).
Participation in meetings of the WGE and other ICPs and the JEG DM (2005-
2006).
Finalisation of a scientiﬁ c paper on the ﬁ rst results from site-speciﬁ c dynamic 
modelling on climate change impacts on acidiﬁ cation recovery (with ICP 
Waters, based on EURO-LIMPACS results). The aim is also to continue 
modelling work in this ﬁ eld.
Reporting of N effects and C/N interaction in forested ecosystems (with 
ICP Forests and ICP Modelling and Mapping, based on EU/CNTER project 
results) (2005).
Activities/tasks aimed at further development of the programme 
Participation in the activities of external organisations, particularly Global 
Terrestrial Observing System (GTOS) and the International Long Term 
Ecological Research Network (ILTER).
Participation in the EU-projects EURO-LIMPACS and ALTER-Net.
Development of new assessment activities regarding the air pollution and 
climate change interactions in ecosystems, particularly carbon, nitrogen and 
C/N interactions.
1.3 Published reports and articles 2004-2005
Evaluations of international ICP IM data and related publications
Forsius, M., Kleemola, S., and Starr, M. 2005. Proton budgets for a monitoring network of 
European forested catchments: impacts of nitrogen and sulphur deposition. Ecological 
Indicators 5: 73-83. ISSN 1470-160X.
Johansson, M., Gregor, H., Achermann, B., Conway, F., Farrett, R., Forsius, M., Harmens, H., 
Haußman, T., Hettelingh, J-P., Jenkins, A., Johannessen, T., Krzyzanowski, M., Kucera, 
V., Kvaeven, B., Lorenz, M., Lundin, L., Mill, W., Mills, G., Posch, M., Skjelvkvåle, B. L., 
Spranger, T., Ulstein, M. J. and Bull, K. 2004. Twenty-ﬁ ve years of effects research for the 
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1.4 Monitoring sites and data
The following countries have continued data submission to the ICP IM data base 
during the 1998 - 2004 period: Austria, Belarus, Canada, Czech Republic, Denmark, 
Estonia, Finland, Germany, Iceland, Ireland, Italy, Latvia, Lithuania, Netherlands, 
Norway, Portugal, Russian Federation, Sweden, and United Kingdom. Denmark has 
discontinued monitoring on two sites in 2003, but has reported data from year 2002. 
Netherlands has discontinued monitoring but has taken part in the data evaluations.
Presently the number of ICP IM sites with on-going data submission is about 50, 
most of the sites are European. An overview of the data reported internationally to the 
ICP IM database is given in Table 1.1. Additional earlier reported data are available from 
sites outside those presented in Figure 1.1. These sites have either been suspended or 
taken out of the IM network and used for regional monitoring. Location of the IM 
monitoring sites with data from recent years are shown in Figure 1.1.
Figure 1.1 Geographical location of ICP IM sites with data from recent years.
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1.5 National Focal Points (NFPs) and contact persons 
for ICP IM sites
AT / Austria
NFP:
Michael Mirtl
Federal Environment Agency
Spittelauer Lände 5 
A-1090 Vienna 
AUSTRIA 
e-mail:mirtl@ubavie.gv.at
BY/ Belarus
NFP:
Anatoly Srybny
Berezinsky Biosphere Reserve 
P.O Domzheritzy
Lepel District 
Vitebskaya oblast, 211188,
BELARUS
e-mail: srybny@tut.by 
CA / Canada
Contact for site CA01:
Dean S. Jeffries
National Water Research Canada Centre for Inland
867 Lakeshore Road
P.O.Box 5050
Burlington, Ontario L7R 4A6
CANADA
e-mail: dean.jeffries@ec.gc.ca
Rock Ouimet 
Direction de la recherche forestiere 
Forest Quebec
Ministère des Resources naturelles du Quebec
2700 rue Einstein 
Sainte-Foy 
Québec, G1P 3W8
CANADA
e-mail: rock.ouimet@mrn.gouv.qc.ca
Fred Conway 
Environment Canada
4905 Dufferin St.
Downsview
Ontario M3H 5T4
CANADA
e-mail: fred.conway@ec.gc.ca
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CH / Switzerland 
NFP:
Norbert Kraeuchi 
Forest Ecosystems and Ecological Risks Division
Swiss Federal Institute for Forest, Snow and Landscape Research (WSL)
Zürcherstr. 111 
CH-8903 Birmensdorf
SWITZERLAND
e-mail: kraeuchi@wsl.ch
CZ / Czech Republic 
NFP and contact for site CZ01:
Milan Vána
Czech Hydrometeorological Institute 
Observatory Košetice 
CZ-394 22 Košetice 
CZECH REPUBLIC
e-mail: vanam@chmi.cz
Contact for site CZ02:
Pavel Krám
Czech Geological Survey
Department of Geochemistry
Klarov 3
118 21 Prague 1
Czech Republic
CZECH REPUBLIC
e-mail: kram@cgu.cz
DE / Germany
NFP:
Helga Dieffenbach-Fries, Rüdiger Hofmann and Ruprecht Schleyer
Federal Environment Agency 
Paul-Ehrlich-Straße 29 
D-63225 Langen
GERMANY
e-mail: helga.fries@uba.de 
e-mail: ruediger.hofmann@uba.de
e-mail: ruprecht.schleyer@uba.de
DK / Denmark
Contact for sites DK01 and DK03:
Knud Erik Nielsen 
National Environmental Research Institute 
P.O.BOX 314 
DK-8600 Silkeborg
DENMARK
e-mail:ken@dmu.dk
DK/Faroe Islands
Contact for site DK02:
Maria Dam 
Food and Environment Agency 
Debesartrod
 . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23The Finnish Environment 788
FR- 100 Torshavn
FAROE ISLANDS 
e-mail: mariadam@hfs.fo
EE / Estonia 
NFP:
Reet Talkop
Ministry of the Environment
Environmental Management and Technology Department
Toompuiestee 24
15172 Tallinn
ESTONIA
e-mail: reet.talkop@ekm.envir.ee
FI / Finland
Sirpa Kleemola
Finnish Environment Institute 
P.O. Box 140
FI-00251 Helsinki
FINLAND
e-mail: sirpa.kleemola@environment.ﬁ 
GB / United Kingdom
NFP:
Muriel Bonjean
Centre for Ecology and Hydrology (CEH) 
Maclean Building
Growmarsh Gifford
Wallingford 
Oxfordshire 
OX10 8BB
UNITED KINGDOM 
e-mail: mbon@ceh.ac.uk
IC / Iceland
NFP:
Sigurdur H. Magnusson 
Icelandic Institute of Natural History
Hlemmur 3
IS-125 Reykjavik
ICELAND
e-mail: sigurdur@ni.is
IR/ Ireland
NFP:
Rosaleen Dwyer 
Forest Ecosystem Research Group 
Department of Environmental Resource Management 
Faculty of Agriculture 
University College Dublin
Belﬁ eld, Dublin 4, IRELAND
e-mail: rosaleen.dwyer@ucd.ie
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IT/ Italy 
NFP:
Bruno Petriccione 
Ministry for Agriculture and Forestry Policy 
National Forest Service (Div. V)
Via Sallustiana 10 
I-00187 Rome 
ITALY
e-mail:b.petriccione@corpoforestale.it
Contact for Alpine sites IT01, 02: 
Dr. Stefano Minerbi 
Ufﬁ cio Servizi Generali Forestari 
Via Brennero 6 
I-39100 Bolzano 
ITALY
e-mail: stefano.minerbi@provinz.bz.it
Contact for Alpine sites IT03, 04: 
Dr. Paolo Ambrosi 
Institute of San Michele all’Adige
Via E. Mach, 2 
I-38010 San Michele all’Adige
Trento 
ITALY
e-mail: paolo.ambrosi@ismaa.it
LT / Lithuania
NFP:
Algirdas Augustaitis 
Forest Monitoring Laboratory
Lithuanian University of Agriculture
Studentu 13
Kaunas distr. LT-53362
LITHUANIA
e-mail: august@nora.lzua.lt
LV / Latvia
NFP: 
Iraida Lyulko 
Latvian Environment, Geology and Metorology Agency
Observational Network Department
165 Maskavas Str.
LV-1019 Riga
LATVIA 
e-mail:epoc@meteo.lv
NL / The Netherlands
Contact person for NL01: 
Dick de Zwart
RIVM/ECO 
P.O. Box 1 
NL- 3720 BA Bilthoven 
THE NETHERLANDS
e-mail: D.de.Zwart@rivm.nl
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NO / Norway
NFP:
Kjetil Tørseth 
Norwegian Inst. for Air Research
NILU 
P.O.Box 100 
N-2007 Kjeller 
NORWAY 
e-mail: kjetil@nilu.no
PT / Portugal
NFP:
Aida Silva 
Dir-Ger da Qualidade do Ambiente 
Secretaria de Estado do Ambiente e Recursos Naturais
Ministério do Planeamento e da Administraçao do Territorio
Apartado 85
7501 Santo Andre Codex
PORTUGAL
maria.campos@drarn-a.pt
RU / Russia
NFP:
Serguei Semenov
Institute of Global Climate and Ecology
Glebovskaya Street 20-b
107258 Moscow
RUSSIA
e-mail: serguei.semenov@mtu-net.ru 
Contact for site RU18:
Victor Kolomytsev 
Karelian Research Centre 
Academy of Sciences 
11 Pushkinskaya St. 
185610 Petrosavodsk 
RUSSIA 
e-mail: victor.kolomytsev@krc.karelia.ru
SE / Sweden
NFP:
Lars Lundin 
Swedish University of Agricultural Sciences 
Department of Environmental Assessment
P.O.Box 7050
S-75007 Uppsala
SWEDEN 
e-mail: lars.lundin@ma.slu.se
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Report on the assessment 
of heavy metals in ICP IM 
catchments
Lage Bringmark and Lars Lundin
Department of Environmental Assessment, SLU, P.O. Box 7050, S-75007 Uppsala, 
Sweden.
e-mail: lage.bringmark@ma.slu.se , lars.lundin@ma.slu.se
2.1 Trends in metal deposition reported by EMEP
Deposition of pollutants is the starting point for monitoring in ICP IM catchments. 
This means that there is reason to dwell on some results from atmospheric 
monitoring in EMEP. As part of a recent report on transboundary pollutants for the 
period 1980-2000, trends in lead, cadmium and mercury were evaluated (EMEP 
2004). European emissions of lead dropped by 88% and deposition by 83% in the 
studied period. Emissions in Western Europe were reduced by more than 95%, 
while some countries in East and South Europe showed less reductions. Most 
of the reduction occurred before 1990. Deposition is now estimated to be below 
1.5 mg m-2 yr-1 in most parts of Europe. Remaining emissions are mostly due to 
incomplete phasing out of lead in gasoline in some countries.
Cadmium emissions dropped by 30-80% in different parts of Europe. Most of 
the reduction occured before 1990. Emissions remain from coal burning in some 
eastern countries. Deposition dropped 66% on the European scale to a level of 
0.02-0.05 mg m-2 yr-1. 
Mercury emissions were only reduced by 50% in 1980-2000 and deposition 
by 30%. After 1990 deposition has decreased only slowly, by 15% until year 2000. 
Reason for the slow development is that a substantial part of mercury deposition 
originates from natural sources, re-emissions and sources outside Europe. 
Deposition in Europe is now 0.008-0.025 mg m-2 yr-1 in different regions.
As was reported in last year’s annual report from ICP Integrated Monitoring, 
the sum of throughfall and litterfall in Swedish forest sites was 1.1-2.8 mg m-2 
yr-1 for Pb, 0.06-0.12 for Cd and 0.012-0.046 for Hg. Some of these ﬂ uxes at the 
forest ﬂ oor level are higher than the deposition estimates of EMEP. Throughfall 
plus litterfall can be taken as rough estimates of dry and wet deposition to forest 
canopies if uptake from soil can be considered small. The higher values compared to 
deposition estimated by EMEP demonstrate the scavenging capacity of forests. 
2.2 Tasks for ICP IM 
The 1998 UNECE Aarhus Protocol on Heavy Metals makes assessment of the metal 
situation important within the RLTAP Convention. ICP IM members have in recent 
years taken part in the work to develop models for critical loads of lead, cadmium 
and mercury. A chapter on heavy metals was produced last year for the manual on 
modelling and mapping of critical loads (http://www.oekodata.com/icpmapping/). 
These models are at present implemented for calculations and mapping of critical 
loads on the European scale. 
2
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Heavy metal measurements in the monitoring program of ICP IM are 
voluntary. Nevertheless, many countries have reported metal data over the years. 
In the situation of decreasing deposition under the Convention, it is a task for ICP 
IM and other monitoring programs to follow the state of metals in the ecosystems. 
It would be of special interest to monitor the leaching from upper soil layers as 
this is the ﬂ ux that can be directly weighted against the critical load. The following 
assessments can be considered important for the intensive programs at ICP IM 
sites, primarily with focus on Pb, Cd and Hg: 
 total metal deposition to forests
 input / output balance for small catchments
 input / output balance for soil layers 
 soil stores
 concentrations in foliage and top soil layers (locations of possible effects)
2.3 Metal data reported for the period 2000-2003
The data reported is heterogeneous as the national programs have had different 
focuses. The presence of metal data from the period 2000-2003 in the IM data base 
is shown in Table 2.1. Some additional data apart from those in the data base were 
received in response to a special request in 2004, also shown in the table. Of the 
priority metals, Pb and Cd have been reported from most sites, while Hg is largely 
absent apart from Swedish sites and a few other data. Cu and Zn are also reported 
in a number of cases, sometimes as the only metals reported. As, Cr, Ni and V are 
other metals appearing in the data from some sites.
Concentrations in aqueous input combined with output concentrations in 
stream water exist for 13 sites (PC ,TF and RW in Table 2.1). Runoff without input 
exists for 5 more sites. Unfortunately, waterﬂ ow is not always reported together 
with the concentrations, in which cases transport calculations are less feasible. To 
get good estimates of total deposition we would also need litterfall (LF). Metal 
content exist for LF at a number of sites, but the necessary litterfall dry weight 
amounts are not found associated with the metal data. Soil water and ground 
water metal concentrations are reported from Nordic and Baltic countries.
Foliar chemistry (FC) exists for 14 sites for the period 2000-2003, not necessarily 
the same sites as those reporting aqueous input and output. Soil chemistry also 
exists for a number of sites, 7 sites in 2000-2003 and other sites reported earlier. 
•
•
•
•
•
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Table 2.1 Heavy metal concentration data reported for the whole or part of the period 2000-2003.
Metals at respective site.
All metals only in some subprograms AC PC TF SF LF FC SW SC GW RW LC
AT01 Cd Cr Cu Ni Pb Zn • • • •
BY02 Cu Ni Zn • •
CZ01 x) Cd Ni Pb Zn • • • •
CZ02 Cd Ni Pb Zn • •
DE01 x) Cd Ni Pb Zn • • • • •
DE02 x) Cd Cu Ni Pb • •
EE01 As Cd Cr Cu Hg Ni Pb Zn • • • • •
EE02 Cu Zn • •
FIO1 As Cd Cr Cu Ni Pb Zn V • • • • • •
FIO3 As Cd Cr Cu Ni Pb Zn V • • • • • •
FIO4 As Cd Cr Cu Ni Pb Zn V • • • • • •
FIO5 As Cd Cr Cu Ni Pb Zn V • • • •
GB01 x) Cu Zn • •
IT01 Cd Cr Cu Hg Ni Pb Zn V • •
IT02 Cd Cr Cu Hg Ni Pb Zn V • •
IT12 Cu Pb Zn •
LT01 Cd Cr Cu Ni Pb Zn • • • • •
LT03 Cd Cr Cu Ni Pb Zn • • • • •
LV01 As Cd Cu Ni Pb Zn • • • • • • • • •
LV02 As Cd Cu Ni Pb Zn • • • • • • • • •
NO01 Cd Pb Zn •
NO02 Cd Pb Zn •
PT01 Cd Cr Cu Pb Zn • • •
SE04 As Cd Cr Cu Hg Ni Pb Zn V • • • •
SE14 Cd Cu Hg Pb Zn • • •
SE15 Cd Cu Hg Pb Zn • • •
SE16 As Cd Cr Cu Hg Ni Pb Zn V • • • • • •
x) data received in response to a request in 2004. Only partly reported to data base at SYKE.
2.4 Metal concentrations in deposition and stream 
water 
Concentrations of Cd, Cu, Pb and Zn in aqueous input (PC and TF) and in stream 
water for 2000-2003 could be presented for a number of catchments (Tables 2.2, 2.3, 
2.4 and 2.5). If data could be presented in the form of metal ﬂ uxes, especially in 
combination with transports by litterfall, they would be even more valuable. 
The concentration data for Cd show that deposition was generally low with 
somewhat higher levels in one Central European and one Baltic site (Table 2.2). 
Nordic sites did not have lower precipitation levels than some Central European 
sites in spite of Cd being a long-range pollutant. Higher concentrations in 
throughfall than in precipitation indicated substantial interception of dry particles. 
Extremely low concentrations in outgoing streams implicated retention of Cd in 
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the catchments. A few Central European and one Baltic site had higher output, in 
one case even inspite of a low current input. 
Although Cu is considered a local pollutant, Cu in precipitation at the selected 
IM sites followed a north-south gradient (Table 2.3). As for Cd, throughfall of Cu 
was substantially elevated indicating dry deposition. Lower concentrations in 
stream water, except for BY02, indicate accumulation in catchments. 
Pb seems to have deposition at low levels (Table 2.4). Some Central European 
and Baltic sites showed somewhat higher levels. TF was hardly elevated compared 
to PC, but Pb is known to reach the ground by way of litterfall. Hydrologic output 
concentrations except for CZ01 were lower, in some sites much lower, than in 
input. That means that these catchments were accumulating Pb. 
As for Cu, Zn is not a long-range pollutant. Nevertheless, the selected IM sites 
showed a north-south gradient of input concentrations (Table 2.5). Throughfall 
concentrations were substantially higher than levels in precipitation, which to some 
degree counteracted the picture of a north south gradient. At least in comparison 
with TF as measure of input, all catchments showed accumulation of Zn.
The importance of tree species could be seen in the Austrian data as throughfall 
under spruce was higher than under beech, the latter being a decidous tree with 
leaves only during a part of the year. 
2.5 Conclusions
The data show that forested catchments in different parts of Europe accumulate 
cadmium, copper, lead and zinc. The balance between input and output shows 
no sign of reaching equilibrium. This is the case inspite of reduced deposition 
during two decades. It is also the case for northern catchments in the boreal zone 
where deposition is lowest. Critical load assessments for cadmium and lead have 
dealt with upper soil layers. These layers could be expected to reach input-output 
balance in shorter time perspective compared to total catchments. 
Table 2.2 Cadmium concentrations (µg/L) in aqeous inputs and outputs to and from IM catchments. Mean concentrations 
for measurements 2000-2003.
PC, precipitation Tree species of 
throughfall
TF
throughfall
RW
stream
AT01 Zöbelboden 0,03 Picea/Fagus 0,10 / 0,03 0,02
CZ01 Anenske Povodi 0,14 Picea abies 0,21 0,10
CZ02 Lysina 0,04 Picea abies 0,06 0,22
LV01 Rucava 0,23 Pinus sylvestris 0,43 0,08
LV02 Zoseni 0,09 Pinus sylvestris 0,18 0,14
SE16 Gammtratten Picea abies 0,04 0,02
FI01 Valkea-Kotinen 0,04 <0,016
FI03 Hietajärvi 0,05 < 0,015
FI04 Pesosjärvi 0,03 < 0,015
FI05 Vuoskojärvi 0,02 < 0,015
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Table 2.3 Copper concentrations (µg/L) in aqeous inputs and outputs to and from IM catchments. Mean concentrations for 
measurements 2000-2003.
PC, precipitation Tree species of 
throughfall
TF
throughfall
RW
stream
AT01 Zöbelboden 9,3 Picea/Fagus 24,2 / 16,3 1,5
BY02 Berezina 3,9 4,6
LV01 Rucava 2,9 Pinus sylvestris 6,1 1,1
LV02 Zoseni 2,4 Pinus sylvestris 5,6 1,2
GB01 Alt a Mharchaid 4,5 3,1
SE16 Gammtratten Picea abies 1,6 0,4
FI01 Valkea-Kotinen 0,9 0,3
FI03 Hietajärvi 0,8 0,1
FI04 Pesosjärvi 1,1 0,7
FI05 Vuoskojärvi 1,3 0,5
Table 2.4 Lead concentrations (µg/L) in aqeous inputs and outputs to and from IM catchments. Mean concentrations for 
measurements 2000-2003.
PC, precipitation Tree species of 
throughfall
TF
throughfall
RW
stream
AT01 Zöbelboden 0,9 Picea/Fagus 2,4 / 1,2 0,5
CZ01 Anenske Povodi 3,0 Picea abies 3,3 1,7
CZ02 Lysina 0,5 Picea abies 0,8 1,3
LV01 Rucava 2,8 Pinus sylvestris 2,8 0,4
LV02 Zoseni 1,4 Pinus sylvestris 1,6 0,3
SE16 Gammtratten Picea abies 1,0 0,3
FI01 Valkea-Kotinen 1,2 0,5
FI03 Hietajärvi 1,2 0,09
FI04 Pesosjärvi 0,7 0,04
FI05 Vuoskojärvi 0,6 0,08
Table 2.5 Zinc concentrations (µg/L) in aqeous inputs and outputs to and from IM catchments. Mean concentrations for 
measurements 2000-2003.
PC, precipitation Tree species of 
throughfall
TF throughfall RW stream
CZ01 Anenske Povodi 21,6
CZ02 Lysina 20,7 Pinus sylvestris 32,2 8,5
BY02 Berezina 22,1 15,1
LV01 Rucava 26,4 Pinus sylvestris 48 8,6
LV02 Zoseni 18,1 Pinus sylvestris 25,1 4,1
GB01 Alt a Mharchaid 6,0 5,9
SE16 Gammtratten Picea abies 12,5 6,5
FI01 Valkea-Kotinen 4,0 Picea abies 73,6 13,1
FI03 Hietajärvi 3,1 Picea abies 17,8 0,7
FI04 Pesosjärvi 2,1 Picea abies 16,2 3,1
FI05 Vuoskojärvi 2,3 0,7
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Trend assessment of bulk 
deposition, throughfall and runoff 
water chemistry at ICP IM sites
Sirpa Kleemola, SYKE, e-mail: sirpa.kleemola@environment.ﬁ 
3.1 Introduction
Empirical evidence on the development of environmental effects is of central 
importance for the assessment of success of international emission reduction policy. 
First results from a trend analysis of monthly ICP IM data on bulk and throughfall 
deposition as well as runoff water chemistry were presented in Vuorenmaa (1997). 
ICP IM data on water chemistry have also been used for a trend analysis carried 
out by the ICP Waters and presented in the Nine Year Report of that programme 
(Lükewille et al. 1997). More recent calculations on the trends of N and S compounds, 
base cations and hydrogen ions for 22 ICP IM sites were presented in (Forsius et al. 
2001) based mostly on data from the period 1998/99 – 1998.
As additional data from the ICP IM network has become available, it was 
agreed at the ICP IM Task Force meeting in 2004 that a new trend analysis should 
be carried out. The ﬁ rst preliminary results from this exercise are presented in this 
section.
3.2 Data and methods
Forty-four ICP IM sites were included in the assessment (Figure 3.1), all with 
additional data since the previous assessment. The trend analysis was performed 
using data from the start of the reporting period (in some cases already 1988) up to 
the end of year 2003. The period varies between sites ﬁ rstly due to changes in the 
start of monitoring period and secondly due to the fact that activities have been 
suspended on some sites. Time series with a minimum of ﬁ ve years monthly data 
were accepted for the statistical analyses. In order to improve the comparability of 
results period 1993- 2003 could be chosen for ﬁ nal reporting. 
Trends were evaluated for non-marine (* denotes non-marine fraction) SO4* 
and (Ca+Mg)*, H+, NO3, NH4 and ANC (acid neutralising capacity). ANC was 
calculated as Σ (base cations) – Σ (acid ions) equal to Σ (Ca + Mg + Na + K + 
NH4) - Σ(SO4 + NO3 + Cl), where units are µeq/l. Also alkalinity, DOC/TOC and 
NTOT were included in the analyses where available, but sufﬁ cient amount of 
data were available only for alkalinity in runoff water chemistry. Deposition (bulk, 
in few cases also wet), and throughfall deposition and output (runoff) ﬂ uxes were 
calculated from the quality and quantity of water using mean monthly values for 
water ﬂ uxes and chemical analyses. 
At each site trends were analysed using the nonparametric Seasonal Kendall 
test (SKT) (Hirsch et al. 1982). The SKT has become a standard method for detecting 
site-speciﬁ c trends in water quality data, largely because it can accommodate the 
non-normality, missing data, and sesonality that are common in data of this type, but 
is nevertheless a powerful (in a statistical sense) trend test (Loftis and Taylor 1989). 
In this section trend detection at the 0.05 signiﬁ cance level was applied, 
i.e providing at least 95 % conﬁ dence that the detected trend was signiﬁ cantly 
different from a zero trend. The magnitude of trend was estimated by the Sen 
method, which estimates the slope by calculating the median of all between-year 
differences in the variable of interest.
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Figure 3.1 Location of ICP IM sites included in the trend analysis.
3.3 Preliminary results
As an example slopes for statistically signiﬁ cant (p<0.05) trends for SO4*, H
+, NO3
concentrations and ANC analysed in precipitation chemistry (PC) (Figure 3.2), 
throughfall (TF) deposition (only for Picea abies and Pinus sylvestris) (Figure 3.3) and 
runoff water chemistry (RW) (Figure 3.4) are presented in the following graphs. 
For sites with two measurement plots both results are presented as well as results 
for both bulk and wet deposition, when available.
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Figure 3.2 Slopes for statistically signiﬁ cant (p<0.05) trends (µeq/l/year) for SO
4
*, H+, NO
3
concentrations and ANC in precipitation chemistry. For some of the sites both bulk and wet 
deposition data values or values for two measurement plots were included in the analysis. 
Number of sites with sufﬁ cient data was 44. 
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Figure 3.3 Slopes for statistically signiﬁ cant (p<0.05) trends (µeq/l/year) for SO
4
*, H+, NO
3
concentrations and ANC in throughfall if dominant species is either Picea abies or Pinus 
sylvestris , number of these sites was 25.
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Figure 3.4 Slopes for statistically signiﬁ cant (p<0.05) trends (µeq/l/year) for SO
4
*, H+, NO
3
concentrations and ANC in runoff water. Number of sites with sufﬁ cient data was 27.
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3.4 Continuation of work
period 1993- 2003 will be chosen to improve the comparability of results
long time-series will be studied separately
results from the trend analyses will be forwarded to the NFPs for checking 
and comments
comments are requested by 1st of September 2005
ﬁ nal version of the trend analysis will be presented at the TF meeting in 
2006
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Modelling the effect of climate 
change on recovery of acidiﬁ ed 
freshwaters
Summary report by Coordination Centres of ICP Integrated Monitoring and ICP 
Waters
4.1 Background
There is good documentation of large-scale chemical recovery from surface water 
acidiﬁ cation in Europe and North America, from both work of the ICP Waters 
and ICP Integrated Monitoring as well as several EU-projects (RECOVER 2010, 
EMERGE) (Stoddard et al. 1999, Forsius et al. 2001, Skjelkvåle et al. 2001, Evans et 
al. 2003). Much less is known about regional-scale biological recovery. Regional-
scale modelling studies based on current emission reduction plans indicate that 
there will be further chemical recovery (Jenkins et al. 2003a, Wright et al. 2005a). 
The uncertainties in these scenarios are mainly related to the effects of climate 
change and future behaviour of nitrogen in the ecosystem. Further uncertainties 
are related to the biological response.
Present-day climatic conditions are commonly assumed in model predictions 
on the effects of future deposition scenarios, as in the studies of Jenkins et al (2003a) 
and Wright et al. (2005a) above. However, large changes in climate are anticipated 
for the European and North American acid-sensitive regions (e.g. IPCC 2001), 
and the direction and degree of these changes may signiﬁ cantly inﬂ uence the 
behaviour of the acidifying compounds in both terrestrial and aquatic ecosystems 
(e.g. Skjelkvåle et al. 2003). Key factors of signiﬁ cance are:
Increased frequency and severity of sea-salt episodes
Changes in hydrological ﬂ uxes
Changes in catchment weathering and uptake processes
Changes in soil decomposition rates and nitrogen mineralization Long-
term data from intensively studied sites are needed to assess and model the 
complex interactions of such processes.
The large EU-project EURO-LIMPACS (www.eurolimpacs.ucl.ac.uk, 2004-2009) 
is studying the global change impacts on freshwater ecosystems. The institutes 
involved in the project are using data collected at ICP IM and ICP Waters sites 
(and other sites) as key datasets for the modelling, time-series and experimental 
work of the project. A ﬁ rst modelling assessment on the global change impacts on 
acidiﬁ cation recovery was carried out in the project (Wright et al. 2005b) and key 
results and conclusions are summarized here.
4.2 Materials and methods
Sites
Data from fourteen key sites, located in acid-sensitive regions, were used for the 
assessment. The sites are intensively studied catchments, with long-term data sets 
and extensive information on deposition, soil and water chemistry and biology. 
•
•
•
•
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The sites are covered with forests and/or heathland vegetation and span a large 
gradient in deposition loads and climatic conditions:
Birkenes, Norway
Gårdsjön, Sweden
Svartberget, Sweden
Valkea-Kotinen, Finland
Lysina, Czech Republic
Lake Certovo, Czech Republic
Lake Starolesniakse, Slovakia
Lago Paione Superiore, Italy
Lake Redo, Spain
Lochnagar, UK
Scoat Tarn, UK
Gwy, UK
Plastic Lake, Canada
White Oak Run, USA
Models
Two well-known dynamic acidiﬁ cation models were used for the modelling work. 
MAGIC is a lumped-parameter model of intermediate complexity, developed 
to predict the long-term effects of acidic deposition on surface water chemistry 
(Cosby et al. 2001). The model simulates soil solution and surface water chemistry 
to predict average concentrations of the major ions. MAGIC calculates for each 
time step (in this case year) the concentrations of major ions under the assumption 
of simultaneous reactions involving sulphate adsorption, cation exchange, 
dissolution-precipitation-speciation of aluminium and dissolution-speciation of 
inorganic and organic carbon. MAGIC accounts for the mass balance of major 
ions in the soil by bookkeeping the ﬂ uxes from atmospheric inputs, chemical 
weathering, net uptake in biomass and loss to runoff. 
The second model used, SMART, is very similar to MAGIC and consists of a 
set of mass balance equations, describing the soil input-output relationships of the 
major ions including organic anions, and a set of equations describing the rate-
limited and equilibrium soil processes. A detailed description of the SMART model 
can be found in De Vries et al. (1989) and Posch et al. (1993). 
Data inputs required for calibration of MAGIC and SMART comprise lake 
and catchment characteristics, soil chemical and physical characteristics, input 
and output ﬂ uxes for water and major ions, and net uptake of base cations by 
vegetation. SMART was used at the Valkea-Kotinen site and MAGIC at the other 
sites. Both models have previously been used for assessing the impacts of future 
deposition scenarios on soil and surface water recovery on ICP IM sites (without 
considering climate change interactions) (Forsius et al. 1998, Jenkins et al. 2003b).
Simulations
The modelling was done as a sensitivity analysis, where key model parameters 
were changed using large but still feasible ranges. The models were ﬁ rst calibrated 
using measured values and then the following scenarios were computed:
Base case (future deposition according to UNECE Gothenburg protocol) 
Increase in sea-salt deposition or Saharan dust (50%)
Increase in runoff (20%)
Increase in weathering rates (20%)
Increase in soil decomposition and nitrogen (N) mineralisation 
Increase in organic acids (50%)
Increase in partial pressure of CO2 (pCO2) (30%)
Increase in nitrogen (N) and base cation (Bc) uptake (50%)
•
•
•
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4.3 Main results
The main results are summarised in Figures 4.1 and 4.2 for surface water and soil 
chemistry, respectively. Two main variables have been chosen to show the model 
responses, ANC (Acid Neutralising Capacity) for surface waters and base saturation 
(% BS) in the soils. These variables have been commonly used as key indicators 
for documenting the acidiﬁ cation patterns in these ecosystem compartments. 
The upper ﬁ gure for each variable shows the situation for the calibration year 
2000 and the predicted situation for year 2030 assuming no climate change (base 
case scenario), and the lower ﬁ gure shows the change predicted for the year 2030 
relative to the base case scenario.
Figure 4.1 Top panel. ANC (volume-weighted annual mean) concentrations in runoff at the 
study sites for the calibration year (2000) and predicted for the year 2030 assuming no 
climate change (base scenario). Bottom panel. Change in ANC predicted for the year 2030 
relative to the base scenario (Wright et al. 2005b).
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4.4 Main conclusions
Several conclusions of policy importance can be made based on these modelling 
results:
The base case scenario indicated in most cases a clear recovery in surface 
water chemistry but slowly changing or even continued soil acidiﬁ cation at 
these sites. This indicates the longer recovery times needed for soil chemical 
recovery.
Climate/global change induced changes may clearly have a large impact on 
future acidiﬁ cation recovery patterns, and need to be addressed if reliable 
future predictions are wanted (decadal time scale). However, the relative 
signiﬁ cance of the different scenarios is to a large extent determined by site-
speciﬁ c characteristics. For example, changes in sea-salt deposition are only 
important at coastal sites and changes in decomposition of organic matter at 
sites which are already nitrogen saturated.
Assumed changes in the concentration of organic acids would acidify the 
soil but increase ANC in water. Statistically signiﬁ cant increasing trends in 
dissolved organic matter (from which organic acids are formed) are currently 
observed in large areas of Europe (Skjelkvåle et al. 2001) and USA (Stoddard 
et al. 2003). The reasons for these trends are presently debated and their 
duration is uncertain.
•
•
•
Figure 4.2 Top panel. Percent base saturation in soil at the study sites for the calibration year 
(2000) and predicted for the year 2030 assuming no climate change (base scenario). Bottom 
panel. Change in %BS predicted for the year 2030 relative to the base scenario (Wright et 
al. 2005b).
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The present study was a rather simple “sensitivity” analysis. The aim is to 
continue work in this ﬁ eld to obtain more reﬁ ned and realistic predictions 
for future recovery and acidiﬁ cation. This requires use of actual climate 
scenarios from global simulation models (GCMs) and generation of empirical 
relationships between climate variables (or surrogates such as NAO, ENSO) 
and runoff chemistry, or catchment processes. These can then be combined 
with downscaled climate scenarios from GCMs to drive MAGIC (SMART) 
simulations at these individual sites.
Future global change may entail changes in terrestrial catchments and surface 
waters that are not envisaged (or included) in the models, e.g. changes in land 
cover and the subsequent impact on runoff chemistry. Linked model systems 
and further model developments would be needed for the assessment of such 
complex interactions. 
Long-term data from intensively studied catchments is a key source of 
information for modelling of the long-term ecosystem impacts of air pollutants 
and the confounding factors of climate/global change. These key sites need to 
be maintained also in the future.
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5.1 Introduction
Included in the list of future priorities for the ICP IM Programme from the minutes 
of the twelfth meeting of the Task Force held in Molln, Austria (May 2004) was an 
assessment of carbon (C) and nitrogen (N) pools and ﬂ uxes at the catchment-scale. 
In view of the considerable national and international interest and agreements 
related to climate change, greenhouse gas emissions and the role of the C balance, 
it was recognised that the IM programme could make a particularly useful 
contribution to our knowledge about the pools (stocks) and ﬂ uxes (ﬂ ows) C and 
N at the small catchment scale. 
Since both C and N are major components of organic matter, it makes sense 
to deal with them together. As such, C and N budgets are essentially indicators of 
biological processes, reﬂ ecting how the biology of the ecosystem is responding to 
physico-chemical environmental stress factors, such as air pollution and climate 
change; this forms a central theme of the ICP IM programme. In addition, the 
ﬂ uxes of many heavy metals, e.g. mercury, are closely connected to the transport 
of organic matter.
Elemental budgets are very useful in showing where in the ecosystem 
elements are stored, allowing easy comparison of the absolute and relative sizes of 
the various stocks as well as the ﬂ ows to, from and between them. Mass budgets are 
also useful in evaluating biogeochemical processes operating in the ecosystem, as 
has been demonstrated by the calculation of proton (H+) budgets for IM catchments 
(Forsius et al. 1995, 2005) and heavy metal budgets for Finnish IM catchments 
(Ukonmaanaho et al. 2001). The calculation of mass balance budgets thus forms 
one of the central approaches in summarizing data of the IM programme (ICP IM 
Manual 1998).
The aim of this report is to present a schematic model for describing and 
presenting IM catchment C and N data in the form of pools and ﬂ ows and to 
outline some of the methodological issues involved. 
5.2 An appropriate schematic for IM catchment C 
and N budgets 
The ﬁ rst step in developing elemental budgets is to conceptualise the system: 
what is the system boundary and what are the pools and ﬂ uxes to be included? 
5
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Such conceptual models invariably take the form of a ﬂ ow chart: a series of boxes 
representing the stocks of the element at any one time and arrows representing 
the size and direction of the ﬂ ows between the pools and the across the system 
boundary (the system inputs and outputs). Schematic C and N budgets appropriate 
for IM catchments and IM data are presented in Figure 5.1. 
Figure 5.1. The pools and ﬂ uxes of C and N appropriate for IM catchments. 
For catchment budgets, the system boundary is simply deﬁ ned by the 
watershed divide. The main pools of C and N within the catchment are associated 
with the vegetation (biomass) and the soil in the case of the terrestrial environment, 
and with the lake water and lake-bottom sediments in the case of the aquatic 
environment. 
Although appearing straight forward, precisely deﬁ ning the boundaries of 
these pools is not without difﬁ culties however. For example, the biomass pool. 
Do we ignore the animal biomass, do we identify the tree and ground vegetation 
biomasses as separate pools, do we distinguish between above-ground and below-
ground biomass pools, do we separate stem wood, branches, foliage and root 
compartments, do we estimate both living and dead (necromass) tree biomass? The 
level of detail possible is determined by the data available. The pools are also often 
operationally deﬁ ned, e.g. the soil pool is for a deﬁ ned layer of the soil and not the 
entire surface deposit. Finally, although we may be able to deﬁ ne the pools and 
ﬂ uxes, our measurement of them may not correspond precisely to our deﬁ nitions. 
For example, litterfall in traps can be subject to signiﬁ cant leaching losses and 
throughfall subject to leaching inputs from entrapped litter (Ukonmaanaho and 
Starr 2001). 
To summarize, it is important that the pools and ﬂ uxes identiﬁ ed be clearly 
and speciﬁ cally deﬁ ned.
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5.3 Calculation of C and N budgets from IM data
Much of the data necessary to calculate C and N budgets as outlined in Figure 5.1 
are, at least in principle, collected as part of the ICP IM programme. Total C and 
N concentrations are optional, if not mandatory, parameters in several of the IM 
subprogrammes, including: soil chemistry (SC), throughfall (TF) soil water (SW), 
runoff water chemistry (RW), lake water chemistry (LC), foliage chemistry (FC), 
and litterfall chemistry (LF) subprogrammes (ICP IM Manual 1998). Estimation 
of stand biomass, which can be directly converted into carbon contents, and total 
N are included in the tree bioelements and tree indication (BI) subprogramme. 
However, the data for many sites are not available in the IM database and not all 
stores (e.g. ground vegetation biomass) and pathways of C and N, particularly 
the gaseous ones (e.g. soil CO2 respiration, N-ﬁ xation and denitriﬁ cation), are 
adequately covered in the IM programme. 
Pools
The biomass pool refers to the amounts of C and N associated with the forest 
stand and ground vegetation biomasses. Stand biomasses for the permanent 
plots (stations) located in the main habitat types can be estimated from the tree 
dimension measurements using appropriate biomass allometric models or biomass 
expansion factors (Lehtonen et al. 2004) and converted into C and N amounts as 
outlined in the optional tree bioelements and tree indication subprogramme (BI) in 
the ICP IM Manual (1998, Ch. 7.18). Plot-scale values can then be scaled-up to the 
catchment using the surveys and maps prepared as part of the IM site description 
subprogramme (ICP IM Manual 1998, Ch. 5). 
Estimation of the ground vegetation biomass is more difﬁ cult with IM data. 
While appropriate regression models may exist for estimating biomass from species 
abundance and cover data, which are collected in the optional vegetation structure 
and species (VS) subprogramme (ICP IM Manual 1998, Ch. 7.19), it may only be 
possible to use a deﬁ ned fraction of the stand biomass based on relevant published 
studies with which to estimate ground vegetation biomass (e.g. Finér et al. 2003). 
The soil pool in Figure 5.1 refers to the sum of upland and peatland soils. 
The soil pool is also for a stated layer of the “soil”, as it is very difﬁ cult to give a 
value for the entire surface deposit down to bedrock. In upland soils, C and N 
concentrations decrease rapidly with depth and are low in the C-horizon. The 
size of the soil pool below the B-horizon is therefore primarily a function of depth 
and not C and N concentrations. The soil pool for the upland soils may therefore 
be best deﬁ ned as the organic layer plus the mineral soil down to the top of the C-
horizon or to a deﬁ ned depth, e.g. 40 cm. For peatland soils, the soil pool may refer 
to the accrotelm or then also to a deﬁ ned depth, preferably the same depth as that 
used for the upland soil pool. If the C content of the entire peat deposit is used, 
then it would overwhelm the upland soil and biomass pools (Kauppi et al. 1997). 
To convert the mass concentration of C and N into pools for the soil requires 
that the bulk density of the soil (oven-dry mass <2 mm soil per unit volume) to be 
known. Bulk density is one of the mandatory soil chemistry (SC) subprogramme 
parameters (ICP IM Manual 1998, Ch. 7.7). However, for soils with a signiﬁ cant 
stone (>2 mm ) content, such as those developed on till deposits, it is also necessary 
to correct the soil pool for the volume taken up by stones (Tamminen & Starr 1994). 
Estimates of stone content may be subject to high uncertainty.
For IM catchments that do not include a lake, elemental budgets are 
considerably simpler, with the streamwater runoff ﬂ ux of C and N corresponding 
to the integrated leaching losses from the entire layer of soil in the catchment. 
However, for those IM sites where there is lake in the catchment, then the pool of 
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C and N in the lake water and associated bottom sediments have to be taken into 
account. The lake water pool of C and N is much smaller than the other pools as 
C and N densities in water are much smaller than those in soil and vegetation. 
Lake water pools of C and N also have a much shorter residence time than in 
the soil and vegetation pools. Both DOC (dissolved organic carbon) and total 
N concentrations are mandatory parameters in the lake water chemistry (LC) 
subprogramme. Knowledge about the volume of water in the lake then enables 
the pools of C and N to be calculated relatively easily.
A potentially important, but often overlooked, pool of C and N in catchments 
containing lakes is the lake bottom sediment (Kortelainen et al. 2004). This pool 
may be estimated from sediment cores or calculated from sedimentation rates, the 
C and N content of the sediment and knowledge about the sedimentation area of 
the lake (usually less than the surface area of the lake).
Fluxes
There are more difﬁ culties associated with calculating the C and N ﬂ uxes than with 
the pools. The gaseous ﬂ ows (Figure 5.1) are particularly problematic as they are 
difﬁ cult to measure in the ﬁ eld and show great spatial and temporal variability. 
Although soil CO2 respiration is included in the list of parameters within the 
optional microbial decomposition (MB) subprogramme (ICP IM Manual 1998, 
Ch. 7.22), it is only a laboratory-based value, which has little relevance for actual 
emissions of CO2 in the ﬁ eld. Emissions of methane and N2O (denitriﬁ cation) are 
not covered by the ICP IM programme. Expert judgement values for these ﬂ uxes 
will therefore have to be used for most IM catchments.
DOC is not included in the list of parameters for the precipitation chemistry 
(PC) subprogramme (ICP IM Manual 1998, Ch. 7.3) and total N is only included as 
an optional parameter. However, DOC and total N concentrations are mandatory 
parameters in the throughfall (TF), soil water chemistry (SW), runoff water 
chemistry (RW) and litterfall chemistry (LF) subprogrammes, and are optional 
parameters in the stemﬂ ow (SF) and groundwater chemistry (GW) subprogrammes 
(ICP IM Manual 1998). 
With the exception of the SW subprogramme, the hydrological ﬂ uxes are 
also mandatory parameters in the above water-related subprogrammes and the 
litterfall mass production is included in the litterfall (LF) subprogramme, allowing 
many of the C and N ﬂ uxes in Figure 5.1 to be calculated. The hydrological ﬂ ux for 
soil water (soil water ﬂ ow in the SW subprogramme) is an optional parameter. As 
the soil water ﬂ ow is difﬁ cult to measure, it may be modelled using Cl- balance (ICP 
Forests Manual 2002) or water balance modelling approaches, e.g. watbal (Barnette 
& Starr 2000, Starr 1999). 
The soil leaching ﬂ ux in Figure 5.1, however, only relates to the leaching from 
upper layer of the surface deposit. The water that reaches the lake or stream is 
composed of contributions from surface (subsurface) water (as measured by the SW 
subprogramme) and ground water, which is described in the GW subprogramme 
(ICP IM Manual 1998, Ch. 7.9). The pathways and changes in water quality and 
quantity as it ﬂ ows to the lake (or stream) are complex, especially if the riparian 
zone is composed of organic (peat) soils. The leaching ﬂ ux linking the soil and lake 
pools in Figure 5.1 therefore does not represent the actual ﬂ ux to the lake but only 
that leaving the upper layer of soil.
Repeated measurement of the permanent monitoring plot stands enables 
annual increment (growth) to be calculated. The amount of C associated with 
the annual increment plus that associated with litterfall and net throughfall 
(throughfall-open deposition), constitutes the ﬂ ux of C brought into the system 
through the process of photosynthesis. 
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The primary productivity (ﬂ ux of CO2) to the lake can be determined by 
methods outlined in the hydrobiology of lakes (LB) subprogramme (ICP IM 
manual 1998, Ch. 7.15), which has been applied to Finnish IM catchment lakes 
(Rask et al. 1998).
5.4 C and N budget units
The starting point in calculating the pools and ﬂ uxes of C and N are their 
mass concentrations in the various media (e.g. mg kg-1, mg L-1, m3 m-3). For ﬂ ux 
measurements, these mass concentrations are also per unit period of time. For the 
purposes of the ICP IM programme, the time unit is the year, and annual average 
values should be appropriately calculated form IM data. The mass concentration 
values for the pools and ﬂ uxes are then converted into density values, mass per 
unit area (e.g. g m-2, g m-2 yr-1). Density values are useful for comparing pools and 
ﬂ uxes among catchments. Multiplying the C and N density values by the area of 
the soil-, vegetation-, forest-type, and lake area in the catchment gives the amounts 
of the pools (mass) and ﬂ uxes (mass yr-1) for the entire catchment. Within any 
particular catchment, the size of the total amounts of the different pools and ﬂ uxes 
can be usefully compared with each other. 
5.5 Conclusions
Element budgets for the IM catchments are a particularly useful and informative 
means of integrating and representing IM data. Although there are high uncertainties 
associated with some of the pool and ﬂ ux values, the budgets would identify the 
main stores of C and N in the catchments and indicate the relative importance of 
the various ﬂ uxes. The overview so obtained may stimulate hypothesis generation 
for further research and identify weaknesses in the monitoring programme, where 
more effort should placed. Finally, the various pools and ﬂ uxes based on IM data 
and measurement can be compared with modelling results, leading to the mutual 
improvement of the models and budget pool and ﬂ ux estimates.
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Reports on national ICP IM 
activities
6.1 Report of national ICP IM activities in the Czech 
Republic 2004
ICP IM has been implemented at 2 stations in the Czech Republic: CZ01 – Anenské 
povodí (since 1989) and CZ02 Lysina (since 2003)
CZ01 Anenské povodí – Košetice Observatory
Dr. Milan Vana - ICP IM National Focal Point
Czech Hydrometeorological Institute
Head of the Observatory Košetice
394 22 Košetice
Czech Republic
e-mail: vanam@chmi.cz
Phone + fax: +420 565 498 015
Košetice Observatory
The Košetice Observatory, operated by The Czech Hydrometeorological Institute was 
established as a station specialising in the problems of background environmental 
quality monitoring in 1988. The main task of the observatory is to represent Czech 
Republic in international monitoring programmes of environment quality in the 
regional scale. The observatory is located in agricultural countryside outside of 
settlement in the southern part of the Czech Republic. 
The observatory is involved in following international monitoring 
programmes:
ICP IM (International Co-operative Programme on Integrated Monitoring) 
- Košetice Observatory is the National Focal Point of ICP IM in the Czech 
Republic. 
GAW/WMO (Global Atmosphere Watch) as a regional station 
EMEP/ECE (Co-operative Programme for Monitoring and Evaluation of 
Long-range Transmission of Air Pollutants in Europe) – Košetice observatory 
is supposed to ensure level 2 with the extended programme (i.e. selected 
components of level 3) as a superstation.
EIONET (European Environment Information and Observation Network)
The monitoring programme of Košetice observatory is very wide and includes 
meteorology (synoptic measurements according to WMO, climatological 
observations), solar radiation (total, diffuse and UV-B radiation), air chemistry 
(sulphur and nitrogen compounds, surface ozone, carbon monoxide, heavy metals 
in aerosol, methane, VOCs), precipitation chemistry (bulk, wet-only, throughfall), 
hydrology and surface water chemistry, soil analysis, biological monitoring and 
POPs monitoring in all compartments of the environment. 
•
•
•
•
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Result of monitoring at Košetice Observatory
The annual mean surface ozone concentration stabilised in the nineties at 
a relatively high level of around 70 µg.m-3 and has not increased further. 
Situations in which there is a rapid increase in surface ozone concentration, 
which then has a negative effect on human health, usually occur in longer 
periods with typical summer weather (extreme temperatures, cloudless days, 
high intensity of solar radiation). During such episodes, extensive regions on a 
scale which goes beyond the borders of the Czech Republic are progressively 
affected. Assessment of the impact of surface ozone on vegetation, using 
the internationally recognised AOT40 index, suggests that critical level is 
exceeded for long periods not only in rural areas but virtually over the whole 
Czech Republic; this causes damage to forest ecosystems and farm crops. 
Summer 2003 was the hottest in the history of meteorological measurements 
at Košetice Observatory. This fact was reﬂ ected in very high annual mean 
surface ozone concentration as well as in the number of days with ambient 
pollution limit exceeding and AOT40 index. 
Concentrations of sulphur compounds in the atmosphere have been declining 
rapidly during the period 1989-2004, reﬂ ecting a decrease in emissions 
regionally. The reduction of sulphur emission in the Czech Republic has 
resulted in decreasing of background sulphur deposition as well. The greatest 
difference is observed in throughfall, which means the decrease of dry 
sulphur deposition. A distinct reduction of sulphates occurs in the catchment. 
Sulphur input amounts to 20.5 kg ha1 year-1, while its output is mere 8 kg ha-1
year-1, sulphur accumulation is 12.5 kg ha-1 year-1, 61 per cent of sulphur input 
is accumulated in the catchment probably through sorption to the clayous 
minerals in the soil.
No distinct trend in nitrogen compounds concentrations and deposition was 
evident in the period under review. The nitrogen budget provides evidence 
of large consumption of this element by vegetation. Nitrogen runoff displays 
a characteristic annual course, with its maximum in the spring months when 
the vegetation is still unable to consume this element and water runoff is 
high, the minimum occur in the summer and autumn. 
Most of VOCs exhibit an annual cycle that reﬂ ects their emission level, i.e. 
with maxima in winter and minima in summer. Isoprene is an exception. 
Although ranking among the most reactive VOCs, it is of natural origin and 
displays an inverse pattern. The highest concentrations of major VOCs are 
recorded in situations when air masses reach our territory from southwest to 
southeast 
The level of pH in precipitation water increased continuously during the 
period 1989-2004. The highest pH is read in cases when air masses have their 
origin in the southwest, and the lowest values are measured when they come 
from the northeast. 
Decreasing tendency of PAHs concentrations was detected during the period 
1996-2004
Plans for future
To start the ground water monitoring (2006)
To start the soil water monitoring (2006)
To start the EC/OC monitoring (2005)
•
•
•
•
•
•
•
•
•
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CZ02 Lysina
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Long-term quantitative and qualitative monitoring of waters continued at the 
Lysina catchment in the Slavkov Forest. Calculations of hydrochemical input and 
output ﬂ uxes for the 2004 water year were already performed. 
Result of monitoring at Lysina
Water year (November 2003 - October 2004) of 2004 was close to the long-term 
average with respect to precipitation (974 mm). However the year 2004 was 
below average with respect to streamwater runoff (337 mm). It was probably 
caused by lowering of groundwater and soilwater pools during the previous 
extremely dry and warm year 2003. Annual throughfall amounts at Lysina 
were 719 mm or 745 mm respectively (at 2 stands). Therefore the interception 
formed 25% of incoming precipitation, the sum of evapotranspiration and 
supply of groundwater and soilwater pools formed 40% and streamwater 
formed extraordinarily low 35% of incoming precipitation. 
Lysina represented real end-member of hydrochemical conditions with 
respect to the extremely low stream water pH in comparison to large amount 
of streams of the Slavkov Forest area (Malenovsky et al. 2004, Majer et al. 2005) 
and the cycling of base cations in spruce throughfall (Kram and Hruska 2004). 
Surface waters at Lysina had chronically negative titrated Gran alkalinity and 
negative calculated acid neutralizing capacity (ANC). 
Preliminary results from the water year 2004 show that the conditions for 
stream biota were not favourable at Lysina (Kram et al. 2004, Evzen Stuchlik, 
personal communication 2005, Kram and Hruska 2005).
Study focused at chemical composition of fungi at Lysina started in 2004 (Jan 
Borovicka, personal communication). Results will be available this year. 
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6.2 TF deposition and soil solution data at ICP IM 
areas in Estonia: Results of trend analyses
Jane Frey1, Katrin Pajuste2, Toomas Frey3, Reet Talkop4
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2Estonian Environmental Research Centre,
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ICP Integrated Monitoring has been carried out at two monitoring sites (Vilsandi 
and Saarejärve) in Estonia since 1995. 
This report presents the results of trend analyses based on deposition data 
collected over a ten-year period (1995-2004) and soil solution data of a nine-year 
period (1996-2004).
Bulk precipitation in open area, throughfall and stemﬂ ow were collected 
from two permanent plots at Saarejärve (116-year-old Scots pine and 85-year old 
Norway spruce stands) and at one permanent plot in Vilsandi (100-year-old Scots 
pine stand). Sampling frequencies were once a fortnight in summer and once a 
month in winter. 
At Saarejärve (EE02) pine and spruce stands zero-tension lysimeters (plate 
lysimeters of 0.1 m2) were inserted into depths of 10 (under organic horizon) and 40 
cm (under eluvial horizon) with 6 replications per depth. At both stands the parent 
material is ﬂ uvioglacial sand, on which moderately eluviated Haplic Podzols have 
developed. At Vilsandi the lysimeters were installed under humus horizon and 
illuvial horizon (BC(g)) in Calcari-Gleyic Leptosol. At both sites percolation water 
was collected approximately at 1-month intervals during the snow free period 
along with deposition samples.
Decline of deposition 
Treier, et al. (2004) reported a statistically signiﬁ cant decreasing trend in bulk 
deposition of anions. In througfall a statistically signiﬁ cant decreasing trend of 
strong anions (SO4, Cl and NO3) was estimated in annual mean concentrations 
(Table 6.2.1) as well in deposition (Figure 6.2.1) at Saarejärve monitoring site. 
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Deposition of anions via throughfall and stemﬂ ow decreased by about 1 kmol/ha 
in the spruce stand and about 0.8 kmol/ha in the pine stand during the monitoring 
period. At the same time deposition of cations at Saarejärve decreased by 1.5 and 
1 kmol/ha in the spruce and pine stands, respectively. Since the input of dust-
associated base cations decreased more than the acid anion inputs, the acidity of 
througfall increased, and leaching of K from canopies was promoted (Figure 1). 
At Vilsandi the only decreasing anion in throughfall was sulphate. There was no 
signiﬁ cant decrease in cation concentrations of throughfall.
Figure 6.2.1. Deposition of main cations and anions by throughfall in 1995 and 2004.
Responses of soil solution chemistry to decline of deposition
There were statistically signiﬁ cant declines in sulphate concentration, sum of 
cations and pH below humus horizon at Vilsandi. At Saarejärve area the decline 
of strong anion ﬂ ux during the study period was about 44 and 27 mol/ha in organic 
horizon, and about 13 and 10 mol/ha in eluvial horizon of the spruce and pine 
stand, respectively. The decline in soil water sulphate was to a great extent matched 
by a decrease in most cations in organic horizons of the spruce and pine stand, and 
to a lesser extent also in the eluvial horizon of both stands.
Total soluble Al has increased in soil water of both stands (Table 6.2.1). Soluble 
free Al3+ decreased in the spruce stand but increased in both horizons of the 
pine stand. Only additional H+ can increase both total Al and soluble free Al3+
concentration in soil water. The pH of solutions in studied soil water was normally 
well below ﬁ ve and, in fact, the pH of throughfall was commonly higher than that 
of the soil solution receiving it. The increase of total soluble Al in podzolized soil
indicates an ongoing process of podzolization, probably attributable to decreased 
retention of sulphate in soil horizons. 
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Table 6.2. 1 Trends in data series (“-“ decreasing and “+” increasing) of annual mean concentration of throughfall and 
soil water (at two depths) from 1995-2004. Estimated by Mann-Kendall nonparametric test (signiﬁ cance levels ***0.001; 
**0.01; *0.05).
Spruce stand (EE02) Pine stand (EE02) Pine stand (EE01)
TF 10 cm 40 cm TF 10 cm 40 cm TF 17 cm 35 cm
SO
4
-*** -*** -*** -* - -* -* -* -*
Ca -** -* + -* - -
Mg -** -* -*** -* - -* -*
K -* -** - - -*
 Na -* - -* -* - -*
Sum of cations -** -** -* -* - -* -*
Sum of anions -** - -* -* - -*
Al
Tot
+ +** +* +
Al3+ - -* +* +***
Fe -* + +* +
Ca/Al - -* +* +
Sum of cations/Al - +* - -*
SiO
2
+* - + +
H+ + +* + - + -* -* +*
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6.3 Report on National ICP IM Activities in Germany 
2004 - 2005
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During 2004 – 2005, the Integrated Monitoring Programme was performed at two 
German IM stations (DE01 and DE02).
Forellenbach (DE01)
At the highland DE01 site ´Forellenbach‘ (trout brook valley) nearly all IM 
subprogrammes were continued.
Biomass
Investigations into biomass storage and production were carried out on two mature 
beech stands (820 and 980 m a.s.l.) in the Forellenbach area, using windthrown trees 
nearby the intensive monitoring plots for destructive measurements of wood and 
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bark of stems and branches (∅ > 7cm). Tree height and diameter were measured 
at different points along the stems and branches, and wood density and the 
percentage of bark were determined on disks. Volume and biomass of wood over 
and under bark of trees each of different stem dimensions were thus calculated to 
derive allometric functions of the type log Y = b log X + a, where X is the square 
of the diameter at breast height times height (BHD² * h). The relations are highly 
signiﬁ cant and the functions do not differ between the two beech stands.
The calculated volume stock of timber over bark for the whole stands was about 
10 % higher than could be expected from standard yield tables. Using additional 
functions, taken from the literature, for roots and twigs, above- and below-ground 
biomass storage was estimated for the two tree stands (Figure 6.3.1).
The combination of these results with the concentrations of bioelements and 
heavy metals (in prep.) in wood, bark, and in soil enables stand speciﬁ c calculations 
of element storage and ﬂ uxes in these ecosystems. This provides a sophisticated 
data base for the dynamic modelling of critical loads and future ecosystem response 
to changing conditions in air pollution and climate.
Ozone
As a contribution to the critical levels working group (in collaboration with ICP 
Vegetation and ICP Forests), different ozone risk assessment approaches were 
applied for the vegetation periods 2001 – 2004, based on data from continuous 
measurement of ozone concentrations in ambient air and meteorological variables 
at 51 m above ground level (807 m a.s.l.). The results were compared with the 
occurrence of visible leaf symptoms and monitored stem growth at breast height 
in the above mentioned two mature beech stands.
The big-leaf model of Emberson et al. (2000) was run to estimate stomatal 
ozone ﬂ ux and ozone concentrations at the top of the canopy, taking aerodynamic 
and boundary layer resistances from the WINDEP deposition model (Grünhage 
and Hänel, 2000) and parameterisation of the stomatal conductance algorithm for 
sunlit leaves from Karlsson et al. (2003) for each time step.
Cumulative ozone exposure (AOT40) and cumulative stomatal uptake (AFST1,6) 
increased proportionally during the vegetation periods, but differed from August 
to September 2003, indicating regulation of the stomata aperture and reduction of 
ozone uptake during this warm and dry period (Figure 6.3.2). AFST1,6 (8 – 12 mmol 
O3 m
-2 PLA) as well as AOT40 (7 – 16 ppm h) exceeded the critical levels for beech 
extensively, which are provisionally set at 4 mmol O3 m
-2 PLA (Clef ) and 5 ppm h 
(Clec).
In contrast, application of the maximum permissible ozone concentration 
approach (MPOC) revealed increasing risks in the warm summer of 2003, although 
only for the high elevation beech stand. This stand is exposed to extremely high ozone 
concentrations, as shown by extrapolations from passive sampler measurements 
Figure 6.3.1 Percentage 
distribution of biomass 
fractions in the beech stand 
B1 (820 m a.s.l.).
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(IVL) carried out at a height of 2.5 m above ground level. The passive samplers, 
calibrated on the measuring tower, produced 97 % of the continuously monitored 
concentrations with a high degree of reliability (r² = 0.95).
Annual diameter increment of monitored trees (1995 – 2004) varied by about 
20 %, but variability of periodical and annual growth could not be related to ozone 
and exceedance of critical levels. Analysis of periodical growth indicated that risk 
indicators exceeded the critical levels at the end of July, when both beech stands 
had reached 75 % to 85 % of their annual growth performance in most years.
At that time non-typical leaf symptoms (chlorosis, necrosis) were observed 
in 1995 and 2003 in the low elevation stand after 4-week periods of high ozone 
exposure and insolation. Despite of the higher ozone exposure, the high elevation 
beech stand was much less affected, indicating adaptation to elevated levels of 
ozone (oxidative stress). In summary ozone risk indicators seem to be more related 
to the occurrence of leaf symptoms than to growth effects, which are superimposed 
by other biotic and abiotic factors.
Neuglobsow – Lake Stechlin (DE02)
At the lowland DE02 site ´Neuglobsow – Lake Stechlin‘, where IM measurements 
started in 1998, IM subprogrammes focussed on the research subjects water 
chemistry and water cycle. The water balance of a mature beech and pine stand was 
evaluated over a 6-year period (1998 – 2003). The water model Expert-N (Stenger 
et al., 1999) was used to predict water ﬂ uxes, i.e. transpiration, evaporation, soil 
water storage, and groundwater recharge by two different modelling approaches 
based on the Richards equation and the capacity approach (Figure 6.3.3). In 
addition, the results of the chloride balance were compared with the modelled 
evapotranspiration and groundwater recharge.
Average annual observed throughfall amounted to 406 mm and was thus 
in line with the predicted evapotranspiration of 396 and 406 mm a-1. Predicted 
annual average groundwater recharge was low and varied between 19 and 26 mm, 
whereas the chloride balance showed a groundwater recharge of 55 mm a-1, which 
is twice as high as the model predictions. The results show the variance of water 
balance components, which is closely related to different modelling applications. 
On the other hand the small differences between the results of the two approaches, 
e.g. for transpiration or evaporation, conﬁ rm the modelled values.
Figure 6.3.2 Cumulative ozone 
exposure (AOT40) versus 
cumulative stomatal ozone uptake 
(AF
ST
1,6) for the beech stand B1 
(820 m a.s.l.)
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Introduction
Due to merging of the Ministry of Environment of Latvia’s infrastructures, the 
Latvian Environment, Geology and Meteorology Agency started operating on 1 
January 2005.
The ICP IM programme work, including sampling and sample analyzing 
under the AM, AC, PC, TF, SF, SW, GW, RW, RB, LF, FC, AL, VG, FD, EP and SC 
subprogrammes, continued at two ICP IM sites, Rucava (LV01) and Zoseni (LV02) 
in 2004 through 2005.
In the focus of the 2004 activities were:
QA/QC of sampling procedures, chemical analysis and data processing
 The results of precipitation and surface water ﬁ eld blank analyses were fairly 
good for the ICP IM sites and GAW/EMEP stations, except for poor results for 
•
Figure 6.3.3 Observed and predicted 
soil water contents in 50 cm soil 
depth during the 6-year observation 
period.
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heavy metals that could be because of the ﬁ eld blank methodology. 
 Latvia has participated in 6 intercomparison exercises (WMO-GAW Acid Rain 
29 and 30, ICP Waters/NIVA, 22 EMEP NILU, NILU ﬁ eld intercomparison 
of gases and aerosols and 7th Needle/Leaf Test 2004/2005). All in all the 
intercomparison results were good, except for conductivity, pH, Cl, low 
concentrations of heavy metals (Pb, As, Cr) in the precipitation; HNO3 and 
NH3 in the air; Pb and Cd in leaves and needles. The NILU (Norwegian 
Institute for Air Research) ﬁ eld intercomparison showed that gases and 
aerosols measurements were compliant with Quality Assurance Category B 
– satisfactory quality (reliable measurements).
 The IM data under the subprogrammes PC, TF, SF, RW, GW and SW were 
analyzed using the EMEP system of ﬂ ags. A programme for the data base 
management, air and precipitation data critical control and statistical 
processing has been elaborated for use at the ICP IM and GAW/EMEP 
stations.
Nitrogen dioxide and benzene measurements in ambient air of the IM sites 
(open area) and the EMEP stations (15 km off the IM sites)
Results
1. The impact of transboundary pollution on precipitation quality
New methods were implemented in data assessment: the Mann-Kendall test; 
sectoral analysis of air and precipitation concentration distribution due to air mass 
transport; computation of the air mass trajectories with the on-line Transport and 
Dispersion Model (HYSPLIT), Air Resources Laboratory NOAA (National Oceanic 
and Atmospheric Administration), USA.
The daily sectoral analysis was made of the impact of transboundary pollution 
transport on pollutant concentrations in the precipitation at the regional GAW/
EMEP (WET-ONLY samplers) and the IM sites (BULK samplers) using data for 
2001 from MSC-W (Figure 6.4.1).
Maximum number of days with precipitation at the GAW/EMEP station Rucava 
was obtained in the so called “undetermined sector” (they failed to determine the 
atmospheric air transport sector). With this sector, the average sulphate and nitrate 
concentrations were 1.5-2 times as high as the lowest concentration in a wind 
blowing from the northern sector. Maximum concentrations in a south-westerly 
wind were 2-3 times as high as in a northerly wind.
Figure 6.4.1. Distribution of the SO
4
-S (a) and NO
3
-N (b) concentrations in the precipitation 
depending on the air mass trajectories at Rucava, 2001
•
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By assuming that a bulk monthly concentration value was obtained on each 
day of the month in the IM open area, an attempt was made to extend the daily 
sectoral analysis for the precipitation of monthly exposure. The analysis showed 
that the differences between the sectors were insigniﬁ cant, less than 1.5 times. 
2. The wet deposition amount and the precipitation sampler type
The precipitation sampling technique is one of the factors that affect the wet 
deposition amount and concentration values. Lower concentrations and 
depositions (for SO4-S in particular) were recorded in transfer from the BULK 
sampler to the WET-only at the regional GAW/EMEP station Rucava in 1996, with 
the daily sampling over the whole period considered (Figure 6.4.2).
With allowance for a high share of wet deposition of over 70% of total 
deposition reported from the EMEP stations, the effect of dry deposition on a 
sample in the BULK sampler is 10% on average.
3. Nitrogen oxide and benzene measurements
The NO2 concentrations in 2003 and 2004 both in the IM open area (passive 
sampler) and the EMEP station (ﬁ lter) showed similar dynamics, with an accuracy 
of +/-30% of the passive sampler. The NO2 data from the passive sampler in the 
IM open area show that the air quality measurements at the EMEP station that is 
15 km away could be extended for the IM site (Figure 6.4.3).
Figure 6.4.2. Precipitation concentration and wet deposition at Rucava, BULK sampler (black) and WET-only (white)
Figure 6.4.3 Comparison of the NO
2
 (µ/m3) concentrations, the IM open area and the EMEP stations 
Rucava (a) and Zoseni (b)
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In 2005, benzene measurements with diffusive samplers continued at the 
EMEP stations Rucava and Zoseni and in 5 towns; bulk monthly measurements 
have commenced in the IM open area for comparison with data from the EMEP 
stations.
The annual average concentration of benzene at the EMEP stations was 0.76- 
0.81µ/m3, 3 times as low as at urban stations (Figure 6.4.4), with similar dynamics 
at both kinds of the station. Maximum concentrations were observed in the cold 
period and would 10 times decrease in summer. The seasonal dynamics was more 
pronounced in the ambient air of the EMEP stations (Figure 6.4.5).
4. Foliage chemistry 
Over the whole period of monitoring in Latvia, the highest Ntot concentrations in 
pine needles at the IM sites Rucava and Zoseni were measured in 1996, likely due 
to very low precipitation (Figure 6.4.6). In 1997, both stations would report much 
lower nitrogen concentrations. The next 3 years of a bit higher concentrations in 
pine needles at both IM sites were followed by concentrations decreasing since 
2001.
The monitoring data have shown no marked relationship of the nitrogen 
concentration and the age of needles; higher concentrations were recorded in the 
last and next to the last year of increment in the length of the needles. Over most 
of Europe, nitrogen concentrations in pine needles were within 10 mg/g and 16 
mg/g (Forest Condition in Europe, 1997). This being so, the nitrogen concentration 
in pine needles in Latvia may be thought of the level observed in most European 
countries.
There is no explanation of a wide ﬂ uctuation of lead concentrations in pine 
needles throughout the year in the period 2000-2003; since then, the concentrations 
has been reducing (Figure 6.4.6).
Figure 6.4.4. Annual average 
benzene concentrations, µg/m3.
Figure 6.4.5. Monthly average 
benzene concentration, EMEP 
and urban stations, 2003-2004, 
µg/m3.
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5. Litterfall chemistry 
The crowns of trees are ﬁ rst to intake pollutants from the precipitation and dry 
deposition. That’s why, litterfall contains pollutants from the atmosphere and from 
the soil due to a low biological turn over.
The Ntot concentration in the litterfall varied between 5.2 and 7.61 mg/g at 
the IM site Rucava and 6.2 and 7.87 mg/m at Zoseni (Figure 6.4.7). The litterfall at 
Zoseni has shown higher Ntot values in general, except for the year 1999 when 
Ntot was by 0.11 mg/m higher in Rucava, with a maximum of 7.61 mg/m for the 
whole period of measurements. As the result of physiological processes, Ntot
concentrations in litterfall are generally lower than in needles and higher than in 
abiotic layer of soil. In 1999, soil chemistry data showed Ntot concentrations of 10.23 
mg/m at Rucava and 13.62 mg/m at Zoseni.
The Ptot concentration in litterfall shows no decreasing or increasing trend over the 
period of measurements though the variation between the years is well marked. That 
is explicable by the fact that phosphorus accumulate under concrete meteorological 
conditions of throughout the year. The higher phosphorus concentrations in 
the litterfall at Zoseni compared to Rucava are due to natural conditions- higher 
phosphorus concentration in the typically podzol soil of Rucava.
Like in the needles, Zn concentrations in the litterfall differed greatly from 
year to year showing the same dynamics at both stations. Judging from Figure 6.4.8, 
transboundary pollution has brought about higher heavy metal concentrations at 
Rucava. Over the recent 4 years, a decrease in the heavy metal concentrations has 
been observed.
Figure 6.4.6 N
tot
 (a) concentration (mg/g) and Pb (b) concentration (µg/g) in the last year (C) and 
next to the last year (C+1) in pine needles at Rucava (R) and Zoseni (Z), 1994-2003
Figure 6.4.7 N
tot
 (a) and P
tot
 (b) concentrations (mg/g) in litterfall, Rucava and Zoseni, 1994-2003
 . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63The Finnish Environment 788
Future work
2004 ICP IM data reporting to the IM database.
Cooperative work under the ICP Forests and under the ICP Waters.
Improvement of quality assurance and quality control.
Contact information
National Focal Point: Latvian Environment, Geology and Meteorology agency (LEGMA), 
Programme co-ordinator: I. Lyulko, Head of Observational Network Department 
(OND), LEGMA, e-mail: epoc@meteo.lv 
Data collection and evaluation: M. Frolova, OND, LEGMA, e-mail: epoc@meteo.lv
Responsibility for the implementation of subprogrammes
Latvian Environment, Geology and Meteorology agency - Climate, Air chemistry, 
Precipitation chemistry, Throughfall, Stemﬂ ow, Runoff water chemistry, 
Groundwater chemistry, Hydrobiology of streams.
Latvian University ( Dr. O. Nicodemus) - Soil, Soil water, Litterfall chemistry, 
Foliage chemistry, Metal chemistry of mosses,.
Latvian University (Dr. M. Laivinsh) - Vegetation, Forest damage, Trunk 
epiphytes, Forest stand inventory, Vegetation structure and species cover.
6.5 Report on national ICP IM activities in Lithuania 
A.Augustaitis1, D.Sopauskiene2, I.Baužienė3, K.Arbaciauskas4, I. Eitminaviciute4 
R.Mazeikyte4
1 Lituanian University of Agriculture, LT-53362 Kaunas dstr., Lithuania, 
e-mail: august@nora.lzua.lt 
2 Institute of Physics, Savanoriu 231, LT-02300, Vilnius, Lithuania,
e-mail: daliasop@ktl.mii.lt 
3 Institute of Geology and Geography, T.Sevcenkos 13, LT-02300, Vilnius, Lithuania, 
e-mail: bauziene@geo.lt, 
4 Vilnius University Institute of Ecology, LT-08412, Vilnius, Lithuania,
e-mail: arbas@ekoi. lt, dirva@ekoi. lt, reda@ekoi.lt
Introduction
Acid rain is among the most relevant environmental stresses resulting in negative 
changes of forest ecosystems. Some of the investigators reported the most negative 
direct effect of acid deposition on leaves and needles while the others stressed 
•
•
•
•
•
•
Figure 6.4.8 Pb (a) and Zn (b) concentrations (µg/g) in litterfall, Rucava and Zoseni, 1994-2003
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indirect effect, i.e., when acid deposition not only increases soil acidity, but also 
stimulates the formation of toxic aluminium compounds. Negative effect of acid 
deposition on soil pedobionts and micorises was detected as well. Effect on the 
other compounds of the ecosystem (fauna) is very complicated due to its interaction 
with other environmental factors and especially climate warming. Effect of both of 
these anthropogenic factors can be extremely harmful as they can trigger decline 
of the forest condition alone or strengthen the negative impact of each other. 
Therefore when investigating “stress – effect“ relationship in the forest ecosystems 
the main attention was paid to the changes in the amount of precipitation and its 
acidity as well as to its effect on geochemistry of soil and biota in general. 
In the year 2004, air chemistry, precipitation chemistry, throughfall, soil water, 
groundwater, runoff and litterfall chemistry as well as forest biomass, bioelements, 
tree damage, vegetation, PAR and hydrobiology of streams were investigated. 
Temporal changes in S and N component concentrations in the air and 
acidity of wet deposition. 
Data show an ongoing decline in observed SO2 concentrations from 1994. Annual 
mean concentrations of approximately 2.8µgS/m3 in 1994 declined close to 1.0 µgS/
m3 by 1997, and fell to below 1.0 µgS/m3 after 1997-1998. In the last year (2004) 
annual mean concentrations of SO2 was 0.51 µgS/m
3 in LT03 (Zemaitija IM site) 
and 0.55 µgS/m3 in LT01 (Aukstaitija IM site) and were lower than in the previous 
year in both IM sites. During the 11 year period the concentrations of SO2 in the 
air decreased by 84.5% in LT01 and 79% in LT03 .
The annual values of particulate sulphate in 2004 were lower than in the 
previous year namely 0.65 µgS/m3 in LT03, and 0.77 µgS/m3 in LT01. Over the 
period under investigation particulate sulphate concentrations in the air declined 
by 83 % in LT01 and by 69 % in LT03.
The regional level of sumNH4 (NH4
++ NH3) was approximately 1.1 µgN/m
3
in 2004. The largest absolute decrease for annual concentrations of sumNH4 from 
8.55 µgN/m3 (1995) to 1.11 µgN/m3 (2004) was obtained in LT03. In LT01 over the 
same time period the annual means of sumNH4 dropped from 4.44 µgN/m
3 to 1.1 
µgN/m3. 
The annual mean concentrations of nitrogen dioxide in the air in IM stations 
in 2004 remained at the same level as for 1999-2003. The annual means of NO2
were 0.66 µgN/m3 in LT01 and 0.81 µgN/m3 in LT03. For the period 1999-2004 no 
consistent trends were detected in annual means of NO2. 
The decline of 47 % in annual means of sumNO3 (NO3
-+H NO3) in the 
air from 0.82 µgN/m3 in 1995 to 0.49 µgN/m3 in 2004 was obtained in LT03. The 
concentration level of sumNO3 in LT01 was lower than that of LT03 and the annual 
means ranged from 0.57 µgN/m3 in 1994 to 0.44 µgN/m3 in 2004. No distinct trends 
in the annual mean concentrations in the air of SO2, SO4, sumNH4, sumNO3 and 
NO2 were observed from 1997 to 2004. 
The changes in annual concentrations of SO4
2- and NH4
+ in wet deposition 
for the period 1994-2004 had a very similar pattern to that in the air. Annual wet 
deposition of SO4
2- declined from 685 to 235 mgS/m2 and from 657 to 328 mgS/m2 
in LT01 and LT03, respectively. The annual wet deposition of ammonium declined 
from 492 to 198 mgN/m2 in LT01 and from 537 to 303 mgN/m2 in LT03 during 
the last 11- year period. No signiﬁ cant change in wet deposition of nitrates was 
observed. The values of annual wet deposition of nitrates varied from 241 to 211 
mgN/m2 and from 414 to 342 mgN/m2 in LT01 and LT03, respectively.
Between 1994 – 1997 acidity of precipitation decreased due to decrease of SO42-
concentration in both precipitation and in the air (approximately 80 %). Values of 
pH increased from 4.4 to 5.4. For the period 1997 - 2001 pH values in precipitation 
were rather stable. Within the next three- year period the data indicated a slight 
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increase in the acidity of precipitation. Values of pH reached 4.8. Increase of nitrate 
in the air and precipitation, which became the main acidifying component of the 
precipitation instead of decreased sulphur compounds, resulted in these changes. 
Over this last period a decrease of Ca+ concentration in precipitation might have 
had some additional impact on precipitation acidity.
Chemical composition of Groundwater, Soil Water and Stream Runoff 
Water in Relation to Rain Acidity Changes
The main factors resulting in changes of soil, groundwater and stream runoff water 
parameters and chemical compositions were the amount of precipitation and its 
chemical composition. The obtained data show that, precipitation amount in 2004 
in LT01 exceeded climatic norm (648mm) by 15 %. Since 2002 the precipitation 
amount in LT03 has not reached the climatic norm (867mm). Shortage of 
precipitation ranged from 13% (2003) to 3% (2004). This precipitation regime over 
the last three-year period had signiﬁ cant impact on the fall of ground water level 
in deeper bores. Water level in shallow (<0.5m) bores was quite stable.
In 2001-2003 due to decrease of precipitation amount in both monitoring 
stations reduction in concentrations of the main chemical compounds in soil water 
were observed. In 2004 when amount of precipitation increased signiﬁ cantly, a 
considerable increase in concentrations of Ca2+, SO4
2-, NO3
- and pH value in LT01 
was recorded. These concentrations reached the maximum values in the entire 
observation period. Concentrations of Mg2+ and total phosphorus increased as 
well, however, their concentration did not reach the peak values of 1996. In LT03 
concentrations of these elements in soil water were similar or lower than in 2003. 
Differences in the dynamics of ground water led to differences in ground 
water chemical composition between sites LT01 and LT03. The most evident 
alteration of ground water chemical composition was observed in LT03 due to 
ground water deepening and reaching the deepest level over observation period. 
Over the period from July 2002 to July 2004 ground water in this station in 2m depth 
bore deepened by 85cm, whereas in 6m depth bore by 155 cm. These changes in 
ground water level contributed to higher concentrations of Na+, K+, Cl-, Ca2+, Fe, 
Si, total P and pH value in groundwater than on the average. Concentration of Fe 
in the deepest bore reached even 1750µg/l. In LT01 concentrations of the chemical 
compounds in ground water in 2004 were close to average.
The most evident changes in stream runoff water were observed in LT03. A 
signiﬁ cant increase of runoff yield was observed and pH reached the highest value 
over the observation period (pH 7.7). Average concentrations of Fe, PO4
3- and Si 
were higher than in 2003. Outﬂ ow of S, Cl, Ca, Mg, Na, K reached highest values 
over the whole period under investigation. Extremely high value was recorded for 
total phosphorous (18 kg/m2 i.e. more than twice higher than in 1998 and 2003). In 
2004 outﬂ ow of the chemical compounds in LT01 was close to the average of the 
observation period.
In 2004 the marked increase of chemical compounds and pH of soil water was 
observed in LT01 and of ground water and stream runoff in LT03.
Tree Crown Condition, Soil Microarthropods, Rodents and Stream 
Macroinvertebrates in Relation to Rain Aacidity Changes
Due to signiﬁ cant changes in precipitation acidity the main aim of this study was to 
investigate the changes in tree crown defoliation, soil microarthropods (pedobionts), 
rodents and stream macroinvertebrates and establish their relationship with acid 
deposition and air pollution changes. 
The obtained data indicated that in 1996 mean defoliation of trees reached 
the highest level over the whole period under investigation: in LT01 30.7±0.7%, 
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in Dzukija IM site (LT02) 35.6±0.9% and in LT03 26.4±0.9%. Afterwards until 2001 
signiﬁ cant decrease in defoliation was observed (in LT01 to 23.2±0.4%; in LT02 to 
30.0±0.8%; in LT03 to 20.3±0.6%). Between 2001 and 2003 increase of defoliation 
was recorded (in LT01 up to 26.2±0.6%; in LT03 up to 22.2±0.6%). In the last year 
tree crown defoliation in LT03 increased up to 23.6±0.6% while in LT01 decreased 
to 23.3±0.6%. Mean tree defoliation between IM stations did not differ signiﬁ cantly. 
SO2 and SO42- in the air and SO42- and H+ deposition had most negative and 
statistically signiﬁ cant effect on tree crown defoliation.
The investigations of pedobionts (zoocoenoses and microorganisms) were 
carried out in the pine forests of LT01 and LT02 and in the spruce forest of LT03 
station.
Soils in pine forest are predominated by microarthropod complexes the 
average abundance of which is 233thou.ind./m3. The total of identiﬁ ed species 
was 139. Aribatidic mites represent the dominant group. The average biomass of 
microarthropods in pine forests is 1.7 g/m2 or 17 kg/ha. The spruce forests growing 
in podzolized leached soils stand out for microarthropod abundance (385 thou. 
ind./m2). The biomass of microarthropods was up to 30 kg/ha. Oribatidic mites 
represent the dominant group. The number of identiﬁ ed species is 149. Over the 
investigation period the number of microarthropod species in the soil of LT01 
increased by 95 species and in the soil of LT03 by 98 species. Until 1999 the ratio of 
mineralization–humiﬁ cation in most cases showed a trend towards the dominance 
of humiﬁ cation (M/H 1/1.69), while in the last period - towards dominance of 
mineralization.
Individual groups of microarthropods are good bioindicators reﬂ ecting the 
impact of air pollution and acid deposition as well as climatic conditions on the 
biological processes in the soil. Collembolas, Acaridias and were most sensitive 
to air pollution caused by sulphur compounds and nitrate as well as to acidity 
of precipitation and wet sulphur load. Increase in pollutants and acidity of 
precipitation was shown to reduce biodiversity and abundance of pedobionts. 
Only nitrates in the air and their load had positive impact on their abundance and 
biodiversity. Acid deposition resulted in most signiﬁ cant changes in mineralization–
humiﬁ cation ratios. The more acid the precipitation was the higher was the 
mineralization ratio. 
These changes in soil fauna biodiversity and abundance were in full 
agreement with the changes in tree crown defoliation. This can be attributed to 
mull type of humus, the formation of which is related to richer and more abundant 
microarthropod communities, resulting in higher productivity and better condition 
of trees. 
The investigation of rodents was carried out in pine and spruce forests in 
LT01; in pine, black alder forests and pasture in LT02; in spruce forest and pasture 
in LT03. Statistically signiﬁ cant increase in the number of rodent species and 
diversity was observed in LT01. The diversity of rodents in LT03 was increasing 
until 1998, however, a signiﬁ cant reduction (by approximately 50%) was recorded 
over the last 5 year period in both IM stations.
Air pollution of sulphur and nitrogen compounds as well as their wet 
deposition had a more signiﬁ cant impact on speciﬁ c composition and abundance 
of rodents recorded in autumn than in spring. SO42- and NH4+ concentrations in 
the air (especially of the previous winter-spring months) as well as SO42- and H+
loads (especially of May-September months) had a statistically signiﬁ cant impact 
on speciﬁ c diversity of communities. This impact was negative: with the increase 
of pollution the speciﬁ c diversity and abundance of rodents decreased. However, 
the impact of NO3- proved positive and especially on the abundance of rodents. 
During 2004, characteristics of benthos community and water biotic indices 
in LT01 were slightly inferior in comparison to those observed during 2001 and 
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2003. This was deﬁ nitely caused by the cleaning of the bed of the stream which 
resulted in some physical disturbance and temporal homogenization of that stream 
habitat. Biotic characteristics in LT03 were close to those observed earlier. Data 
collected the whole stream monitoring period indicated trends towards biomass 
and biodiversity increase. Estimated trends correlated well with the changes in 
acidity of precipitation and atmospheric pollution by SO2 or SO4
2-. In spite of this 
all streams of integrated monitoring sites with respect to biotic indices of water 
quality could be characterised as clean waters.
Estimated concentration of sulphur and nitrogen compounds in the air and 
their deposition did not reach the critical level, exceedance of which should result 
in dramatic changes in biota. However, the data obtained from these investigations 
indicate that these pollutant concentrations in the air and their acid deposition 
which are below critical level can result in signiﬁ cant changes in biota and these 
ﬁ ndings should be taken into account when estimating and revising critical 
pollutant levels.
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Introduction
The monitoring of air pollutants and their effects on ecosystems in Norway 
constitutes a comprehensive activity, with monitoring programmes on air quality, 
surface water, soils, forests and fauna (aquatic and terrestrial). Several institutions 
are involved of which NILU, NIVA, Skogforsk and the University of Bergen 
undertake most of the activities aimed to support the Convention on Long-Range 
Transboundary Air Pollution (CLRTAP) and its Working Group on Effects (WGE). 
Studies of atmospheric deposition, surface water chemistry, aquatic biology 
(invertebrates) and forest condition are performed at approx. 20 sites to support 
the ICP Waters and ICP Forest programmes respectively. From two of these sites 
(Birkenes and Kårvatn) data are also reported to support the ICP Integrated 
Monitoring. In general, all available data derived from these activities are used 
to evaluate cause-effect relationships, while speciﬁ c evaluations based on ICP IM 
data alone have not been prioritised. In this note, a general description on the 
WGE-related activities at Norwegian sites is presented with indication of plans 
for future assessments. 
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Summary of results from the Norwegian monitoring programme on acid 
deposition (SFT, 2004) 
Air
Emissions of SO2 in Europe have decreased by about 61% since 1980, 49% since 
1990. The emissions of nitrogen oxides and ammonia increased up to 1990 but 
have decreased since then by about 25 and 22% respectively (EMEP, 2003). The 
observed reductions in concentration of S and N-compounds are in agreement 
with the reported downwards trends in pollutant emissions in Europe. Since 1980 
the concentration of sulphate in precipitation has decreased by 62-76%. Similar 
reductions in airborne concentrations were between 82- 93% and 64-73% for 
sulphur dioxide and sulphate, respectively. There are not any clear tendencies 
for the concentrations of the different nitrogen compounds, except for nitrogen 
dioxide that has signiﬁ cantly decreased in the last 10 years.
Water Chemistry
The decrease in sulphate in deposition has caused a decrease in sulphate in lakes 
and rivers of 40-70% from 1980-2003. 2003 in general showed the lowest sulphate 
concentrations in lakes and rivers measured during the monitoring programme 
(since 1980). As a consequence, the acidiﬁ cation situation in lakes and rivers has 
shown a clear improvement in the 1990s with increases in pH and ANC (acid 
neutralising capacity) and a decrease in inorganic (toxic) aluminium. There is no 
systematic long-term change in nitrate, although on many sites lower values have 
been observed during the last ﬁ ve to six years, 1997 to 2003, than previously. The 
slight increase in TOC during the 90s has now leveled off.
Fish
Knowledge of the status of ﬁ sh populations in Norwegian lakes was based on 
questionnaires, mainly in the early 1990s. The numbers of lost and damaged 
populations of the six most common species of ﬁ sh in Norwegian lakes greater 
than 3,0 ha were estimated to be about 9600 and 5400, respectively. Brown trout 
has suffered the most severe damage with a total of about 8200 lost stocks. Lakes in 
southernmost Norway, i.e. the counties Aust-Agder and Vest-Agder have suffered 
the highest damage with nearly 6000 lost stocks (62 %). Test ﬁ shing with gill nets in 
lakes in southern and south-western Norway indicates an increase in abundance in 
ﬁ sh populations. However, some ﬁ sh populations have also decreased in density. 
The density of young brown trout in tributary streams to lakes was assessed by 
means of electroﬁ shing in three watersheds. The densities of young brown trout in 
tributaries to lakes in Vikedal and Bjerkreim watersheds in southwestern Norway 
have increased signiﬁ cantly in recent years. Several brown trout populations in 
these two areas have to some extent recovered. However, for streams in Gaular 
watershed in western Norway, no corresponding positive response for young 
brown trout has so far been registered. 
Forest
Crown condition has been stable for the last ﬁ ve years. Crown condition is 
determined by a number of factors and stresses, such as age, diseases (e.g. various 
fungi), growth conditions and climatic stress (drought and frost). When trees 
show signs of poor health, this is due to an interaction of some of these natural 
causes. The variation we have seen last, mainly caused by fungi and insect attacks, 
were largely due to a combination of stress to trees and a favourable climatic 
environment for the fungi and insects. Effects of pollutants may come in addition 
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to or in interaction with these factors. The effect of pollutants on forest condition 
is hard to estimate, because the effect has been small compared to those of other 
factors. In the future, effects of climate change may play a larger role. Results from 
ecological investigations on the intensive monitoring plots suggest that the forest 
environment is stable, and that there are, as usual, large ﬂ uctuations from year to 
year measurements, probably within the normal variation for boreal coniferous 
forests.
Terrestrial ﬂ ora and fauna
Recorded changes in the ground vegetation in spruce forest at the Solhomfjell 
monitoring site indicate that patterns of change in vascular plant abundance 
at several sites in south Norway over a 10-year period (decline of species with 
moderate nutrient requirements, related to acidiﬁ cation) have been halted or to 
some extent reversed during the last 5 years. There are also some indications that 
nitrogen deposition may inﬂ uence the vegetation in southern areas. Changes in 
the bryophyte ﬂ ora, especially the increasing dominance of larger species, appear 
to be related to inter-annual climate variation. In other monitoring areas north of 
about 60°N, changes in ground vegetation were also sometimes recorded. These 
changes are unlikely to reﬂ ect effects of long-range pollution but may rather be 
caused by natural disturbances or changes in land use. Inventories of epiphytic 
vegetation on trunks of birch at the monitoring sites (pine at Solhomfjell) show 
a clear relationship between lichen coverage and damage status and deposition 
patterns of pollutants, with the lowest coverage and highest damage frequency 
in the southernmost sites. Repeated inventories after 5 and 10 years indicate 
generally improved coverage and damage status in the southern areas. There 
is a marked increase in the growth of algae on tree trunks in the southernmost 
area Lund. Monitoring of golden eagles and gyrfalcons at the monitoring sites 
indicates mainly satisfactory production also in the most polluted areas of south 
Norway. There is no indication that population variations in passerine birds are 
signiﬁ cantly different in southern compared to northern areas. Hatching success 
of pied ﬂ ycatchers in the southernmost areas was somewhat lower for some of the 
early years of monitoring, but has for several years been at comparable levels in 
southern and northern sites.
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6.7 National report on ICP IM activities in Russia
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In the 2004 the ICP IM focal point of the Russian Federation fulﬁ lled the following 
subprogrammes: Forest damage (FD) on the site RU04, River biology (RB) on the 
site RU04, Air chemistry on sites RU03, RU04, RU12, RU14 (for graphs see Figure 
6.7.1), and Precipitation chemistry (PC) on RU03 and RU04 (for graphs see Figure 
6.7.2). 
The results of the investigations are presented in the following papers
Semenov S.M., B. A. Koukhta, A. E. Koukhta, A. A. Roudkova, V. V. Yasyukevich. 2004. The 
deﬁ nition of the anthropogenic impact on the forest stands based on the result of 
the ﬁ eld studies in the framework of the International Cooperative Programme of 
the Integrated Monitoring of Air Pollution Effects on Ecosystems (UNECE). – In: The 
Review of the environmental pollution in the Russian Federation in 2003. Moscow: 
The Federal Service for the Hydrometeorology and the Environmental Monitoring 
(ROSHYDROMET). 
Koukhta A. E., Titkina S. N. 2005. The fulﬁ lment of the International Cooperative Programme 
of the Integrated Monitoring of Air Pollution Effects on Ecosystems (UN ECE) on the 
Territory of the Oka-Terrace state biosphere nature reserve. – In: By the Jubilee of 
the Oka-Terrace state biosphere nature reserve. Moscow, The Ministry of the Natural 
Recourses of the Russian Federation.
Changes in air and precipitation chemistry
During the observation period the concentrations of several pollutants in the 
air decreased in the Russian ICP IM sites. The results from the observations in 
the AC subprogramme framework correspond with data from other monitoring 
nets and are usually connected with the industrial depression after the Soviet 
Union destruction. Thus, from the beginning of the 1990s the lead concentration 
decreased approximately three times, sulphur dioxide - two times, nitrogen dioxide 
– two times. 
At the same time no noticeable decrease of pollutants concentrations in 
precipitation was registered. A clear decrease in sulphate concentration is observed 
in the central European Russia. The nitrate and ammonium concentrations in 
precipitation are still on the level of the 1980s. 
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Figure 6.7.1 a Sulphur dioxide in the air (µg/m3).
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Figure 6.7.1 b Sulphate in the air (µg/m3).
Figure 6.7.1 c Nitrate in the air (µg/m3).
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Figure 6.7.1 d Lead in the air (ng/m3).
Figure 6.7.2 a Nitrate in precipitation (mg N/l).
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Figure 6.7.2 b Sulphate in precipitation (mg S/l).
Figure 6.7.2 c Ammonium in precipitation (mg N/l).
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6.8 Report on national ICP IM activities in Sweden 
2002-2003
Lundin, L.1, Aastrup, M.2, Bringmark, L.1, Grandin, U1., Hultberg, H.3, Kindbom, 
K.3, Kvarnäs, H.1, Lewin-Pihlblad, L.2, Löfgren, S.1 and Thunholm, B2.
1 Department of Environmental Assessment, SLU, Box 7050, SE-750 07 Uppsala, 
Sweden, 
 e-mail: Lars.Lundin@ma.slu.se
2 Geological Survey of Sweden, SGU, Box 670, SE-751 28 Uppsala, Sweden.
3 Swedish Environmental Research Institute, Box 47086, SE-402 58 Gothenburg, 
Sweden.
The programme is funded by the Swedish Environmental Protection Agency.
Introduction
Swedish integrated monitoring programme is run on four sites distributed from 
south central Sweden (SE14) over the middle part (SE15), to a northerly site (SE16) 
representing north Sweden. The long-term monitoring site SE04 Gårdsjön F1 is 
complementary on the inland of the West Coast and has been suffering from long-
term high deposition. The Swedish group now compiled results from the four 
Swedish IM sites for the two-year period 2002-2003. The sites are well-deﬁ ned 
catchments with mainly coniferous forest stands on glacial till deposited above 
the highest coastline, meaning no water sorting of the soil material. Forest stands 
are mainly over 100 years and at least three of them have several hundred years of 
continuity as more or less lightly grazed woodlands. Both climate and deposition 
gradients coincide with site distribution from south towards north (Table 6.8.1).
Table 6.8.1. Geographic location and long-term climate at the Swedish IM sites.
SE04 SE14 SE15 SE16
Latitude N 58° 03´ N 57° 05´ N 59° 45´ N 63° 51´
Longitude E 12° 01´ E 14° 32´ E 14° 54´ E 18°06´
Altitude, m 114-140 210-240 312-415 410-545
Area, ha 3.7 19.6 19.1 45
Mean annual temp., oC + 6.7 + 5.8 + 4.2 + 1.2
Mean annual precipitation, mm 1000 750 900 750
Mean annual evapot., mm 480 470 450 370
Mean annual runoff, mm 520 280 450 380
In the following, some special conditions and ongoing work from the two-year 
(2002-2003) Swedish Annual IM reports (published 2004 and 2005) are presented.
Climate and Hydrology
Temperature conditions showed higher values compared to long-term averages for 
all stations in 2002 and for central and northern Sweden also in 2003. At the south 
Sweden IM sites 2003 was on average 1.5 oC colder than normal. Precipitation 
conditions reveal rather normal conditions both years but with somewhat high 
values in the south in 2002 and slightly lower at the northernmost station SE16.
The characteristic annual hydrological patterns of the catchments are high 
groundwater levels during winter and spring with lower levels in summer and 
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early autumn. This pattern was also reﬂ ected in the runoff. In 2002 the runoff 
made up 40-47% of annual precipitation and the discharges were rather normal. 
In 2003 there was a larger variation between sites with runoff between 26% and 
70% of annual precipitation. Low values were observed for the two southern sites 
while the northern ones, SE15 and SE16, showed higher than normal values.
Water chemistry
Low ion content characterises the deposition and throughfall for the three inland 
sites (c. 2 mS/m) while sea-salt provides higher ion content in the west-coast SE04 
site (9.3 mS/m). Water pathways through the soils of the catchments are fairly 
short and most of the surface water formation depends on close connections 
between inﬁ ltration and surface water discharge. Acidity in the deposition was 
mainly the same at all sites with slightly higher pH in throughfall compared to 
bulk deposition, where it was c. 4.8. Chemical reactions during water ﬂ ow through 
the catchment soils buffered the acid water but fairly little in the acid SE15 site and 
more in the northern site SE16 where pH in stream water was c. 5.8 with an ANC 
of c. 0.10 mEq/l. At SE14 the pH did not differ very much between deposition to 
stream water but ANC was added dependent mainly on increased DOC.
Anion deposition varied between the sites with Cl being the dominant ion in 
the two southern sites and SO4 dominating in central and north Sweden. Chloride 
showed highest stream water values in SE04 and SE14 while sulphate released from 
the soil provided high values in the northern SE15 and SE16. Sulphate deposition 
was on lower levels.
Base cations showed inﬂ uence from sea salt with sodium being the largest ion 
both in deposition and stream water followed mainly by calcium and magnesium 
in equal shares. Aluminium varied between 0.2 mg/l at the northern SE16 site 
with pH 5.8 and 0.6-0.8 mg/l at the other sites where pH was lower. Inorganic Al 
was dependent partly on acidity but also on organic compounds mitigating high 
inorganic content being 5-9% and 18-24% at SE16 and SE14, respectively. At SE04 
and SE15 the shares of inorganic Al were c. 50%.
Organic matter inﬂ uences ﬂ ow of especially metals and nitrogen. Outﬂ ow 
from the SE14 site has the highest DOC concentrations (c. 30 mg/l) and with this 
follows also considerable organic nitrogen amounts (0.5-0.8 mg/l) as compared to 
the other sites with less than 0.3 mg Norg/l. Inorganic nitrogen levels are observed to 
be fairly low (< 0.7 mg/l). Metals are mainly on low levels but at SE14 high values 
were observed, e.g. Pb at 1.4 µg/l.
A number of special studies were made and reviewed in the following 
sections
Atmospheric chemistry and deposition
Atmospheric chemical conditions for Sweden reveal a pattern with in general 
relatively high concentrations in south-west, decreasing towards north and 
northwest. Higher deposition is found at SE04 and SE14 with the lowest at SE16. 
Concentrations of SO2 and NO2 in air follow the pattern and changes over the 
period 1996-2003 are small. Deposition of SO4 has been fairly constant with higher 
throughfall values compared to bulk deposition. Concerning nitrogen, this 
pattern is reversed with mainly lower throughfall compared to bulk deposition. 
The pattern with higher deposition in the south and lower in north was obvious 
(Figure 6.8.1).
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Chemical element correlations in groundwater
Groundwater chemistry reﬂ ects alterations in water chemical composition along 
the catchment ﬂ owpaths from input by deposition to output in surface stream 
water. Analyses have been made in recharge and discharge areas showing 
considerable changes during also the groundwater ﬂ ow. In recharge areas, 
groundwater chemistry reveals strong connections to deposition conditions, 
often related to sulphate, chloride and sodium, while soil interactions inﬂ uence 
chemical conditions in discharge areas. Weathering and cation exchange processes 
are important for the conditions as well as mixing of waters from different soil 
layers. Content of organic matter, metals and base cations furnishes conditions 
in discharge areas. Conclusions from the correlation studies show importance of 
deposition chemistry, mobility of organic substances and redox-conditions in the 
soil waters. The pH values were mainly inﬂ uenced from weathering and cation 
exchange and to some extent also by DOC which are connected to the content of 
aluminium, both organic and inorganic. Biological activity and redox-conditions 
are important for nitrate concentrations.
Heavy metal critical load
Critical load is a central concept in CLRTAP. Heavy metals, especially Cd, Pb and 
Hg, are components of concern within the convention. Determined critical values 
for Cd and Pb in the soil solution are on rather high levels as compared to Swedish 
soil water concentrations. Critical loads related to soil conditions are calculated from 
mass-balances including deposition input and output by harvest and leaching. 
Mercury is calculated dependent on organic substance conditions. Results from 
the Swedish IM sites showed in 1997-2001 a Cd deposition lower than the critical 
loads while Pb- and Hg-deposition were in excess. Flows in soil and groundwater 
were however at lower levels but the IM sites are not in a steady state. Deposition 
is higher compared to runoff, meaning still heavy metal accumulating systems. 
Figure 6.8.1 Deposition of 
nitrogen (kg N ha-1 yr-1) via 
bulk deposition (left bar) 
and throughfall (right bar) 
at SE04 Gårdsjön, SE14 
Aneboda, SE15 Kindla and 
SE16 Gammtratten during the 
period 1996-2003. NH
4
-N = 
upper part of the bar; NO
3
-N 
= lower parts of the bars.
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Effects of forestry in relation to natural forest conditions
Forestry measures inﬂ uence turnover of elements with at harvesting and soil 
treatments mainly increased leaching but at forest growth decreased ﬂ ows occur. 
Forest growth and harvesting may acidify the soil while acidity in stream water 
decrease at harvest and drainage. Hydrological conditions interact in the processes 
and high water levels may counteract changes in stream water pH and leaching 
of ions. At clear-cutting and drainage increased outﬂ ow is common for nitrogen, 
phosphorus and base cations. 
Phosphorus concentrations for the natural IM sites are in the range 2-10 µg/l 
while concentrations at sites inﬂ uenced by forestry measures were found at 10 to 
30 µg/l. Runoff of P (50-80 g P ha-1 yr-1) was c. 60% higher from areas under forestry 
inﬂ uences. 
Nitrogen concentrations were fairly similar from natural and forestry 
inﬂ uenced sites. Organic nitrogen dominates in both cases but the share of inorganic 
nitrogen increases from 5-13% at the IM sites to 10-25% at sites inﬂ uenced by 
forestry activities. Nitrogen runoff is highly dependent on organic matter content, 
furnishing high ﬂ ows from the SE14 site being similar to sites inﬂ uenced by forestry 
(2-3 kg N ha-1 yr-1) but often natural forests show values between 1 and 2 kg N ha-
1 yr-1 being below forestry inﬂ uenced runoff, which in the short time perspective 
after measures could reach over three times these values.
In conclusion, short-term effects of forestry could be considerable but with 
time (3-5 years) the effects, for especially phosphorus and nitrogen, decline to 
values that for longer periods of time would be 10-50% in excess.
Nutrient nitrogen levels in the catchments
A high nitrogen deposition could reach values when saturation appears and 
uncontrolled nitrogen leaching starts. This has so far not been observed for the 
Swedish IM sites. Determinations related to this nitrogen issue are however 
ongoing. One is the content of arginin in spruce needles. Increasing values and 
excess values above the critical limit of 5 µmol/g and 10 µmol/g for great risk and 
very great risk for saturation, respectively. Mainly the Swedish sites are found 
under the limits but there is a week trend for increasing concentrations and larger 
variability. A few samples are found over the limits (Figure 6.8.2).
Figure 6.8.2 Arginin in spruce needles from the four IM sites, all observations. Limits for High and 
Very high risk for nitrogen leakage (5 and 10 µmol/g) according the environmental quality criteria 
issued by the Swedish Environmental Protection Agency are indicated. Observations greater than 
5 µmol g-1 are labelled with site name and sampling year.
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Another indication on nitrogen excess is the content of nitrogen in the needles 
but the values were found under the limit. Further, throughfall values did not 
indicate nitrogen saturation and neither did nitrogen in soil water. However, there 
are week time-trends towards higher values. 
Aluminium – inorganic Al being ecotoxicological
Most of the Al is bound in complex substances often being of metallo-organic 
character. However, at low pH (especially below pH 4.5) elevated concentrations 
of inorganic Al appear. This monomeric Ali exerts hazards to biological systems 
and could cause ecotoxicological effects on limnic life. Therefore, special chemical 
analyses are performed on water samples from the Swedish IM sites. Al speciation 
is made using a modiﬁ ed Driscoll method. This provides total Al and Ali. The 
values indicate fairly high total Al (0.4-0.9 mg/l) in stream waters with pH 4.3-4.6, 
i.e. sites SE04, SE14 and SE15 but 0.22 mg/l at SE16 where pH was 5.7. Ali made up 
fractions of 49%, 24%, 53% and 9%, respectively. The fairly high DOC content at 
SE14 is reﬂ ected in low Ali rate while low DOC as at SE15 provides higher rates.
Swedish IM priorities 2005
Besides the mandatory determinations in the Swedish IM sites, priorities are given 
to aluminium, heavy metals with special interest in Hg, especially after the heavy 
storm in south Sweden, actually hitting the SE14 site where special measures and 
investigations will be carried out. Other important effects to study are nitrogen 
accumulation and air pollution effects in relation to climatic conditions, where 
biological effects need monitoring and evaluation. Importance of water pathways 
for sub-catchment areas of crucial signiﬁ cance are identiﬁ ed and studied. Also 
the relation between air pollution impacts to forestry activities will be elucidated, 
where the IM sites contribute as natural reference sites. The importance of natural 
reference sites in investigations of pressure-impact environmental connected 
problems should not be underestimated.
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